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Growing interest of late in the function of the thyroid gland and 
its relationship to endocrine disorders has so aroused interest in patho- 
logic processes involving the gland that I was prompted to translate 
from the German an original paper dealing with one hundred cases of 
chronic inflammation of this gland. 

The cases under discussion formed the basis for a thesis prepared 
under the personal supervision of Prof. Dr. F. de Quervain, director 
of the surgical clinic at the University of Bern, Switzerland, who will 
vouch both for the accuracy of all figures and for all statements quoted 
in the text. 

The material which Prof. de Quervain placed at my disposal com- 
prises one hundred cases of chronic inflammation of the thyroid gland. 
Seventy-seven of the patients were seen at the surgical clinic of the 
University of Bern and represent all such patients seen and operated 
on in that institution for a period of sixteen years (1918-1933). The 
remaining twenty-three were seen at the Sanatorium Victoria, likewise 
located in Bern, and under the direction of Prof. de Quervain. They, 
too, represent all patients with chronic thyroiditis admitted for treat- 
ment and operation from 1918 until 1933, inclusive. 

In each case the histologic diagnosis was made by Prof. Dr. C. 
Wegelin, director of the pathologic institute of the University of Bern. 

The entire group of persons with goiter treated at the University 
of Bern and the Sanatorium Victoria from 1918 to 1933 total 4,148. 
The types of thyroiditis were distributed as follows: 


Type No. of Cases 
Exophthalmic goiter induced by iodine.................... 185 
Chronic strumitis 97 
Chronic strumitis (suppurative) 3 
Acute strumitis 22 
Acute strumitis (suppurative) 9 
Tuberculosis of the thyroid gland......................065 10 
Syphilis of the thyroid gland..............0.cceeeeeceeeees 2 
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Up to the present time, most discussions on chronic thyroiditis have 
been limited to that of a specific nature, such as tuberculosis or syphilis 
of the thyroid gland (Ast, Davis, Dimtza,’ Petersen, Rendelmann and 
Marker, Riedel *). 

An additional form embraces the condition known as chronic non- 
specific thyroiditis, or the so-called “iron-hard”’ strumitis of Riedel, 
which because of its peculiar clinical symptomatology and histologic 
picture earns special consideration in a study of pathologic processes 
involving the thyroid gland. More than seventy publications dealing 
with this rare and remarkable disease of the thyroid have already 
appeared in the literature, some of which are those by Crane, Heinke, 
Kent, Maloney, Reist, Riedel, Smith and Clute.* 

This discussion deals with one hundred cases of chronic inflamma- 
tion of the thyroid gland of a nonspecific nature. 


CLINICAL SYMPTOMS 


Chronic inflammation of the thyroid gland is an infrequent clinical 
malady recognizable only postoperatively by means of histologic inves- 
tigation. Discovery of the illness can be said to be accidental, as the 
clinical symptoms prior to operation do not warrant consideration of a 
diagnosis of chronic inflammation. 

In relation to clinical form, I should like, therefore, to divide the 
one hundred cases into three distinct groups. 


Group 1.—The first group consists of sixty-six cases in which there 
are no clinical symptoms of inflammation. Most of the patients in this 
group were operated on because of the customary symptoms and history 
of an ordinary struma. Subjective complaints were confined to slight 
dyspnea. In the vast majority of cases there was firm and nodular 
enlargement of the thyroid gland. In fifty-eight cases the patient gave 
a history of prevalent goiter of many years’ standing. 


1. Dimtza, Alexander: Zur Tuberkulose der Struma, Zurich, 1930. 
2. Riedel, B. M. C. L.: Ueber Verlauf und Ausgang der Strumitis chronica, 
Miinchen. med. Wchnschr. 57: 1946, 1910. 

3. Crane, Whitefield: Chronic Thyroiditis, California & West. Med. 35:443- 
446, 1931. Heinke: Die chronische Thyreoiditis, Deutsche Ztschr. f. Chir. 56: 
2566-2570 (Oct. 12) 1929. Kent, George B.: Riedel’s Chronic Thyroiditis, 
Colorado Med. 26:132-139 (May) 1929. Maloney, John J.: Ligneous Thyroiditis 
(Riedel’s Disease), J. Med. 10:586-589 (Feb.) 1930. Reist, A.: Ueber chronische 
Thyreoiditis, Frankfurt. Ztschr. f. Path. 28:141-200, 1922. Riedel, B. M. C. L.: 
Die chronische, zur Bildung eisenharter Tumoren fiihrende Entziindung der 
Schilddriise, Verhandl. d. deutsch. Gesellsch. f. Chir. 25:101, 1896; Vorstellung 
eines Kranken mit chronischer Strumitis, ibid. 26:127, 1897; footnote 2. Smith, 
L. W., and Clute, H. M.: Chronic Ligneous Thyroiditis (Riedel’s Struma), 
Am. J. M. Sc. 172:403-416 (Sept.) 1926. 
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Group 2.—The second group consists of nineteen cases in which 
there were no clinical symptoms of inflammation. All the patients in 
this group presented clinical symptoms which showed deviations from 
ordinary enlargement of the thyroid gland and aroused suspicion of 
inflammation. Such symptoms were, above all, swelling, tenderness and 
pain, both local on pressure and of a radiating nature. Dyspnea and 
dysphagia were common but were observed only in mild degree. The form 
of enlargement of the thyroid gland in this group was decidedly diffuse. 


TABLE 1.—Relative Frequency of the Various Clinical Symptoms 


Group 1 Group 2 Group 3 

Clinical Symptom (66 Cases) (19 Cases) (15 Cases) 
Symptoms of exophthalmiec goiter............... 15 
Symptoms of exophthalmic goiter (Basedow)... fl ee 15 
6 
Increase in basal metabolism............ 4 
Previous history of goiter.............ceceeeeees 53 14 9 


TaBLe 2.—Relationship Between Clinical Course and Various Forms of 
Enlargement of the Thyroid Gland 


Diffuse and Atrophy of 
Diffuse Nodular Nodular the Thyroid 
Struma Struma ruma Tissue 


St 
(11 Cases) (16 Cases) (71 Cases) (2 Cases) 
Group 1: 66 cases without clinical symptoms of 


1 (1.6%) 7 (11.6%) 56 (84%) 2 
Group 2: 19 eases with clinical symptoms of 
7 (36.8%) 4 (21%) 8 (42%) 


Group 3: 15 cases of the hyperthyrotic form.... 3 (20%) 5 (338%) 7 (46%) 


Group 3.—The third group, consisting of fifteen cases, is designated 
as the hyperthyriotic group. Here are encountered all grades of exoph- 
thalmic goiter from slight to an average size. The increase in the basal 
metabolic rate in each instance was reported to lie between the limits 
of + 18 and + 48. Several patients complained of palpitation, loss of 
weight and tremor. Exophthalmos of medium grade was observed in 
two cases. A history of goiter at some previous time was given by nine 
patients (60 per cent). The form of enlargement of the thyroid gland 
was principally of the nodular type. 

From table 2 it is seen that the adenomatous or nodular form of 
enlargement of the thyroid gland occurs chiefly in those persons who 
show the fewest symptoms of inflammation prior to operation. 
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ETIOLOGY 


It is assumed that the actual cause of chronic thyroiditis is a bac- 
terial-toxic one. At any rate that is the impression one gains from a 
survey of the current literature on the subject. Definite evidence of 
such an etiology, however, has been forthcoming only in cases of chronic 
inflammation of a specific nature, despite the fact that the presence 
of tubercle bacilli or spirochetes themselves has seldom been demon- 
strated in the thyroid gland. 

In the material studied, considerable evidence was found which 
pointed toward a bacterial cause. An analysis of the past histories of 
the patients showed that fourteen gave evidence of an infectious disease 
having preceded the chronic enlargement of the thyroid gland. The 
distribution was as follows: grip, in seven cases; bronchitis, in two; 
typhoid, in one; measles, in one; acute appendicitis, in two, and angina, 
in one. It is noteworthy that in several instances the illness occurred a 
number of years previous to the involvement of the thyroid gland. 

At first glance these figures would appear not to substantiate the 
claim of a bacterial-toxic causal factor. They are somewhat misleading, 
by reason of the fact that other preceding illnesses enter into con- 
sideration which were usually not included or gone into with any 
degree of thoroughness and therefore were omitted from the case his- 
tories, especially the inflammatory diseases of the gastro-intestinal tract 
(de Quervain* and Kocher*). Further, there are fourteen cases in 
which the chronic inflammation could be traced back to a toxic origin. 
These patients had all been taking therapeutic doses of iodine over a 
period of several years. 

A discussion of the etiology of chronic thyroiditis must include first 
the problem of predisposition. An analysis of the cases shows such a 
predisposition to be present as regards both sex and age. 

In the division of the patients according to sex, the females were 
strongly predominant. Of the total number of patients, eighty-five are 
women (85 per cent) and fifteen men (15 per cent). Kocher® and 
de Quervain * expressed the opinion that the frequently existing con- 
dition of reflex hyperemia of the thyroid gland in the female sex 
(menses, gravidity and menopause) enters into consideration as a pre- 
disposing factor for chronic thyroiditis. 

In reference to age, many previous observers have been impressed 
with the fact that persons in the early years of childhood and in the 
late years of adult life are spared and that during these years the thyroid 
gland is not susceptible to inflammation (de Quervain*). Table 3 shows 


4. de Quervain, F.: Die akute, nicht eiterige Thyreoiditis, Mitt. a. d. Grenzgeb. 
d. Med. u. Chir. (supp.) 2:1-165, 1904. 
5. Kocher, cited by de Quervain.* 
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the distribution of the patients according to age in the one hundred 
cases studied. 

Of paramount importance is the question of the predisposing réle 
played by previously existing goiter in the development of chronic 
inflammation of the thyroid gland. All authors are in agreement that 
the normal functioning and healthy thyroid gland falls prey to inflam- 
matory processes far more seldom than does the gland showing nodular 
degeneration. The theories advanced to substantiate this claim are that 
in the latter either the glandular secretion of the thyroid has become 
weakened, has lost its normal power of immunity and can no longer 
kill invading bacteria or that the normal resistance of the organ to 
generalized infection has been lowered. 

According to Kocher,’ goiter should be regarded as prerequisite for 
strumitis or thyroiditis. 

De Quervain* expressed the opinion that the nodular form of 
enlargement of the thyroid gland is especially amenable to the settle- 
ment of bacteria which produce inflammatory lesions, first because of 


TABLE 3.—Distribution of Patients According to Age 


Age 
“09 10-19 2029 30:39 4049 50:59 6069 
Number of Patients.............. 2 21 19 24 20 15 1 


the necrosis of the tissue which often takes place in these nodules and 
secondly because of the frequent occurrence of spontaneous bleeding. 
According to this author, even a lesser change in the thyroid gland, 
such as slight diffuse hypertrophy, can cause a predisposition to inflam- 
mation of the gland. 

In the material studied here, 76 per cent of the patients presented a 
history of previous enlargement of the thyroid gland. Although this 
percentage might seem high, it actually represents a most conservative 
estimate. In regions in which endemic goiter is prevalent, like the Swiss 
Jura, where goiter is a common sight on the city streets, many persons 
with diffuse enlargement of the thyroid gland are regarded as having 
merely a somewhat “thick neck.” Again, it is common knowledge that 
small adenomas readily escape observation by most of their carriers. 

Trauma has also been considered by several authors in the past as 
a predisposing factor. In two of the one hundred cases, indirect trauma 
followed by slight bleeding directly preceded the involvement of the 
thyroid gland. In one the swelling occurred soon after strenuous and 


continuous vocal effort; in the other it followed an attempt at strangu- 
lation. 
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Kocher mentioned that even the simple puncture of the thyroid 
gland may be considered to reduce its resistance to infection so as to 
make it readily amenable to inflammation. A similar condition was 
observed in the group of one hundred patients under consideration. 


CLINICAL DIAGNOSIS 


The inflammatory nature of this condition is difficult to diagnose 
clinically in patients who show no symptoms or few. Often clinical 
symptoms of sufficient intensity might lead one to entertain a diagnosis 
of inflammation. The symptoms, however, are never dominant. Such 
a diagnosis is based merely on presumption and has no foundation in 
fact. Diagnosis of chronic inflammation can be substantiated only by 
means of histologic examination. 

In several cases such symptoms as a rapid increase of growth and 
radiating pain were suggestive of struma maligna. A more exacting 
inspection, however, proved that the true signs of malignancy, such as 
immobility and hard consistency, were lacking, so that a diagnosis of 
struma maligna could not be entertained in any one of the cases under 
consideration. 

Of importance is the differentiation between thyroiditis and stru- 
mitis. The answer to this problem must of necessity remain a diagnostic 
enigma in view of the fact that the clinical report offers no evidence 
by which to distinguish one condition from the other. Differential diag- 
nosis is rendered yet more difficult when it is considered that thyroiditis 
is seen not only in normal and diffusely enlarged glands but in nodular 
glands. 

The current literature, to a certain degree, is still not clear as to the 
distinction between thyroiditis and strumitis. Eberts and Fitzgerald,® 
as well as many contemporary authors, stated that an inflammatory 
lesion of the thyroid gland may develop in either a normal or a goitrous 
gland. If it develops in a normal gland, the lesion is called thyroiditis ; 
if in a goitrous gland, strumitis. 

According to Wegelin,’ thyroiditis can also occur in a goitrous gland 
and is to be denoted as such when the inflammation is confined solely 
to the remaining normal or diffusely enlarged glandular tissue and the 
nodules remain untouched. On the other hand, those cases in which 
the inflammatory process is limited to or is present mainly in the ade- 
nomatous nodules are to be considered as strumitis. From these state- 
ments, one can see that the possibility of meeting combined forms of 


6. Eberts, E. M., and Fitzgerald, R. R.: Inflammatory Lesions of the Thyroid 
Gland, Canad. M. A. J. 17:1005-1009 (Sept.) 1927. 

7. Wegelin, C.: “Schilddriise,” in Henke, F., and Lubarsch, O.: Handbuch 
der speziellen pathologischen Anatomie und Histologie, Berlin, Julius Springer, 
1928, vol. 8, p. 1. 
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strumitis and thyroiditis must be reckoned with. Table 4 presents a 
summary of the proportion of thyroiditis and strumitis among the dif- 
ferent forms of enlargement of the thyroid gland in the one hundred 
cases studied. 


PROGNOSIS AND THERAPY 


The prognosis in all cases here discussed was considered good. 
Complications developed in three cases in the form of suppuration and 
formation of a fistula. However, even in such cases the prognosis can 
be viewed as more favorable than in cases of acute suppurative thy- 
roiditis or strumitis. In reference to therapy, strumectomy in the form 
of partial resection was indicated and carried out in all instances: in 
forty-three cases, on the right lobe; in seventeen, on the left lobe, and 


in forty cases, on both the right and the left lobe. Recovery in all cases 
was complete. 


Tas_e 4.—Relationship Between Form of Inflammation and Form of Enlargement 


Diffuse and Atrophy of 
Diffuse Nodular Nodular Thyroid 
Struma Struma Struma Tissue 
Form of Inflammation (11 Cases) (16Cases) (71 Cases) (2 Cases) 
Thyroiditis and strumitis (7 cases)............ ond 1 6 


PATHOLOGICO-ANATOMIC CHANGES 


As regards the results of the histologic examinations, the inflamma- 
tory infiltrate will be considered first. In the material studied, the round 
cell infiltration consisted of lymphocytes, plasma cells, leukocytes and 
giant cells. 

Lymphocytes were seen in every one of the one hundred glands 
under observation. They were therefore present in 100 per cent of the 
cases studied. Plasma cells appeared less frequently (53 per cent). 

It is of special importance to note that both the lymphocytes and 
the plasma cells appeared principally interstitially and only seldom 
penetrated into the lumen of the acini. On the other hand, the appear- 
ance of foreign body giant cells in the acini was observed in thirteen 
of the preparations (13 per cent), although this form of cell was found 
to occur interstitially in many specimens. 

The function of these giant cells appears to be that of removing the 
almost insoluble and concentrated colloid masses. This concurs with 
the observations made on the material studied. Giant cells approaching 
the diameter of middle-sized follicles were found in considerable num- 
bers lying either between the separate nodules or in the center of the 


acini. The central portion of these cells was filled with basophilic 
masses of colloid. 
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Despite their similarity to leukocytes, several authors consider these 
cells as originating from the interfollicular epithelium, while de Quer- 
vain expressed the opinion that they are of inflammatory origin. 
According to this author, these foreign body giant cells show a certain 
similarity to the giant cells found in the tubercle in cases of tuberculosis. 

The eosinophils were seen in the infiltrate in forty-eight cases (48 
per cent), chiefly in the interstitial tissue. 

The appearance of an occasional neutrophil was noted in fifteen 
cases (15 per cent). 

Lymphoid follicles were observed in but three (3 per cent) of the 
histologic sections under observation. 

Table 5 shows that the percentage of participation of the various 
cell forms in the infiltrate is approximately the same for the different 
forms of enlargement of the thyroid gland. 


Tas_e 5.—Relative Frequency of the Different Cell Forms in the Infiltrate 


Diffuse and 
Diffuse Nodular Nodular 
Struma Struma Struma Total 
Cell Forms Present (11 Cases) (16 Cases) (71 Cases) (100 Cases)* 


11 (100%) 16 (100%) 71 (100%) 
7 (64%) 7 (43%) 38 (53%) 
5 (45%) 8 (0%) 

2 (18%) 

1 (9%) 

1 (%) 


* This total includes two cases of atrophy of the thyroid gland. 


As a direct result of the inflammation, there is a decided increase 
in the formation of connective tissue and a hyaline degeneration of the 
same in seventy-four cases (74 per cent). The increase in the forma- 
tion of connective tissue appears to follow in the wake of the inflam- 
matory infiltrate. In the vast majority of cases it seems that this 
increase in the formation of connective tissue takes its origin from the 
intralobular stroma. In others, the widening of the septums of connec- 
tive tissue between the lobules is more striking. It is possible that the 
broadening of these interlobular septums results from apposition of 
connective tissue which has its origin in those lobules that have been 
replaced by fibrous tissue. Like the inflammatory infiltrate, the fibrous 
connective tissue appears in irregular mass form in the intralobular 
stroma, but it is equally and diffusely distributed in the interlobular 
stroma. 

Parallel to the regressive changes in the connective tissue, degen- 
erative and atrophic processes take place in the parenchyma. On the 
other hand, several reparative processes take place in the glandular 
parenchyma (papillae, cushion building, etc.). 


100% 
48% 
Lymphoid follicles.................- 3% 
: 
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In the cases, studied here it was possible to observe the afore- 
mentioned degenerative and reparative processes in various stages of 
advancement. In some cases it was possible to view different phases 
of a degenerative nature in the same preparation. Thus, there were 
places where near a group of acini which appeared to have the form 
of a totally intact lobule it was simple to recognize other acini which, 
through excessive production of connective tissue, were separated into 
isolated groups. In those places in which destruction of the lobules 
reached enormous heights, there were many single acini scattered about, 
solid masses of epithelial cells and here and there only oval spaces in 
the connective tissue filled with colloid. 


TaBLe 6.—Relative Frequency of the Changes in Connective Tissue and 


Parenchyma 
Diffuse and 
Diffuse Nodular Nodular 
Struma Struma Struma Total 
(11 Cases) (16 Cases) (71 Cases) (100 Cases)* 

Increase in formation of connective tissue... 9 (81%) 11 (68%) 54 (76%) 74% 
Edematous connective tigsue................. 6 (54%) 1 (6.2%) 10 (14%) 11% 
Papillae and cushion building................ 15 (27%) 21% 
Desquamation of epithelial cells............. ae. “pendeeeds 16 (22%) 22% 


* This total includes two cases of atrophy of the thyroid gland. 


Besides the degenerative changes in the parenchyma, it was possible 
to observe others of a regenerative nature. For example, one prepa- 
ration showed a large space, bounded by cylindric epithelium, into which 
grew a large branched papilla. The central part of this space was filled 
with desquamated epithelium and occasional giant cells. 

In not one of the histologic preparations did the degenerative changes 
lead to excessive sclerosis of the connective tissue or to a total destruc- 
tion of the parenchyma such as one is likely to find in Riedel’s struma. 
With this in mind, it would seem that the nonspecific chronic thyroiditis 
in the one hundred cases here discussed lies somewhere near the lower 
boundary of this form of thyroid disease. 


2 
3 
it 
4 

— 
se ‘4 
he 
la- 
m- 
his 
the 4 
ec- 
the q 
of 
pen 
ous 
ilar 
ilar : 
en- 
the 4 
ilar 


ROENTGEN IRRADIATION OF THE OVARIES AS 
SUPPLEMENT TO SURGICAL AND RADIUM 
THERAPY FOR MAMMARY CANCER 


J. THORNWELL WITHERSPOON, M.A. 
NEW ORLEANS 


(Oxon.), M.D. 


The relationship between ovarian secretion and the growth and devel- 
opment of the breasts has been observed clinically for many years. 
With increasing knowledge of ovarian function, especially along hor- 
monal lines, evidence is being accumulated to suggest the dependency 
of mammary activity on ovarian and anterior pituitary hormones. The 
former cause development of the breasts at puberty and their rhythmic 
changes associated with the menstrual cycle. The latter, when pregnancy 
intervenes with its preparation of the breasts for lactation, induce the 
secretion of milk. Because the ovarian hormones, especially the estro- 
genic principle, are growth-promoting factors in normal mammary devel- 
opment and because cancer is essentially an unrestricted growth, it is 
not illogical to deduce that in pathologic conditions of the breast, such 
as carcinoma, these hormones may stimulate malignant as well as mam- 
mary growth. The hypothesis advanced in this paper, therefore, is 
that in patients with cancer of the breast, whether it is primary or 
secondary, operable or inoperable, recurrent or metastatic, all ovarian 
secretion and activity should be destroyed by means of high voltage 
roentgen irradiation or by radium. 

Clinical evidence supporting this hypothesis extends back for many 
years. Schinzinger,’ in 1889, suggested bilateral oophorectomy in the 
treatment of carcinoma of the breast, and Beatson,? in 1896, reported 
three cases of mammary cancer in which therapeutic extirpation of the 
ovaries had been performed. For a short period oophorectomy enjoyed 
considerable vogue as an auxiliary treatment for inoperable cancer of 
the breast. Thomson,’ in 1902, removed both ovaries from eighty 
patients with mammary carcinoma and noted a decided improvement 


From the Department of Gynecology, School of Medicine, Tulane University 
of Louisiana. 

1. Schinzinger, cited by Taylor, G. W.: Artificial Menopause in Carcinoma 
of the Breast, New England J. Med. 211:1138, 1934. 

2. Beatson, G. T.: On the Treatment of Inoperable Cases of the Mammae: 
Suggestions for a New Method of Treatment, with Illustrative Cases, Lancet 
2:109, 1896. 

3. Thomson, A.: Analysis of Cases in Which Oophorectomy Was Performed 
for Inoperable Cancer of the Breast, Brit. M. J. 2:1538 (Nov. 8) 1902. 
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in 22.5 per cent. Lett, in 1905, reported ninety-nine cases in which 
oophorectomy had been performed, improvement being noted in 36 per 
cent. Subsequently, sporadic reports appeared describing oophorectomy 
as a supplementary therapy for malignant growths of the breasts, but 
because of the then attendant danger in removing both ovaries interest 
in this procedure gradually died. 

It is interesting to observe that the majority of the early writers 
recorded improvement after oophorectomy in a fair percentage of cases 
of cancer of the breast. Regression of lesions lasting months or even 
years is described. In general, however, this method of supplementary 
therapy was applied by that group of workers only to inoperable or 
recurrent malignant growths of the breast. 

With the advent of the roentgen rays, castration by irradiation was 
suggested as a substitute for Beatson’s? operative procedure in the 
treatment of inoperable carcinoma of the breast, but it was not until 
many years later that this method of therapy was applied. Since 1920 
Wintz * has: used roentgen irradiation of the ovaries as a routine treat- 
ment in cases of cancer of the breast. In 1922 Ahlbom® began to 
use a similar method of treatment, reporting improvement in 73 per 
cent of the patients in a group over 45 years of age, as compared with 
the results in controls. Kaplan,’ in 1927, recommended castration by 
irradiation in the treatment of inoperable cancer of the breast, and 
recently Hoffman*® observed the disappearance of metastases to the 
scalp from carcinoma of the breast after roentgen irradiation of the 
ovaries. Daland ® and Martin *® also commented on the impressive and 
dramatic regressions of metastases from malignant tumors of the breast 
after roentgen irradiation of the ovaries. 

There is also extensive laboratory evidence to support the hypothesis 
that an artificially induced menopause is an aid to surgical intervention 


4. Lett, H.: An Analysis of Ninety-Nine Cases of Inoperable Carcinoma of 
the Breast Treated by Oophorectomy, Lancet 1:227 (Jan. 28) 1905. 

5. Wintz, H.: Experiences in the Irradiation of Breast Cancer, Brit. J. 
Radiol. 31:150, 1926. 

6. Ahlbom, H.: Castration by Roentgen Rays as an Auxiliary Treatment in 
the Radiotherapy of Cancer Mammae at Radiumhemmet, Stockholm, Acta radiol. 
11:614, 1930. 

7. Kaplan, I. I.: Twin Pregnancy After Temporary Suppression of Menstru- 
ation Following Roentgen-Ray Treatment for Mammary Cancer, Am. J. Obst. & 
Gynec. 14:40, 1927. 

8. Hoffman, W. J.: Spontaneous Disappearance of Metastatic Nodules from 
Carcinoma of Breast Following Irradiation of Ovaries, S. Clin. North America 
13:494, 1933. 

9: Daland, E. M.: Cancer of the Breast, Am. J. Cancer 15:2361, 1931. 

10. Martin, C. L.: New Developments in Irradiation Therapy of Breast 
Cancer, Texas State J. Med. 29:186, 1933. 
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and radium therapy in the treatment of mammary carcinoma. Interest 
in the relationship between the estrogenic hormone and the carcinogenic 
compounds has been intensified by the fact that certain substances which 
produce carcinoma in animals are somewhat similar chemically to the 
estrogenic substances and even produce estrous changes.’t On the basis 
of an excellently presented comparison of the estrogenic hormones and 
the carcinogenic compounds Loeb ** stated that one may conclude that: 
(1) there are substances which are both carcinogenic and estrogenic ; 
(2) there are carcinogenic substances which are not estrogenic; (3) 
there are estrogenic substances which are not carcinogenic, and (4) even 
in cases in which the compounds are both estrogenic and carcinogenic, 
there is no parallelism between them in the strength of their activity. 

The molecular structures of the estrogenic and carcinogenic com- 
pounds 1, 2-benzpyrene, 5, 6, cyclopenteno-1, 2-benzanthracene and 
1, 2, 5, 6-di-benzanthracene, which are nonsaturated hydrocarbons pos- 
sessing the tricycle phenanthrene ring, are similar. The actions of these 
principles are also somewhat similar, as each exhibits growth-promoting 
properties involving epithelial tissue primarily. Their action differs, 
however, in that the estrogenic hormone is essentially a sexual growth- 
stimulating factor affecting especially the female genital tract and 
mammary glands, while the action of the carcinogenic agent is stimula- 
tion of the growth of any and all body tissue. 

Dodds,** in 1931, issued the following warning: “I do not think 
that the amazing potency of theelin (the estrogenic hormone) is recog- 
nized by the majority of cancer research workers. It is capable of 
producing the most extensive tissue proliferation and cell growth, and 
this appears to me to be of the utmost importance.” Administration of 
an estrogenic substance results in hypertrophy and hyperplasia of all 
the female secondary sexual organs, including the breasts, while castra- 
tion (lack of the estrogenic principle) in female mice under 6 months 
of age leads to marked retardation of the rate of growth and lowered 
incidence of spontaneous mammary cancer in susceptible strains.** Cas- 


11. Cook, J. W.; Dodd, E. C., and Hewett, C. L.: Synthetic Cstrous-Exciting 
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tration does not prevent, however, the experimental production of 
mammary cancer by carcinogenic agents. The effect of castration is 
greater the earlier it is done. If castration is performed at a late age 
or after inoculation with tumor tissue, a less pronounced decrease in 
the incidence is noted, and retardation of growth is less effective.’® 
Castration has no effect on the rate of growth of sarcoma*® or cancer 
of the skin in animals.‘? This undoubtedly is due to the fact that the 
estrogenic principle is only a sexual growth-stimulating factor and not 
a general body-stimulating agent. The limitation of estrogenic activity 
to secondary sexual tissue—the breasts, uterus, vagina and tubes— 
explains the conflicting results reported concerning the action of the 
hormone in experimental work on cancer, a fact which is not generally 
recognized. This specific and limited character distinguishes the action 
of the estrogenic hormone from that of the carcinogenic factor. There 
is at present no evidence to prove that the carcinogenic compounds 
develop in the animal body from the estrogenic hormone.** Loeb,!” 
however, demonstrated that spontaneous mammary carcinoma occurred 
earlier in a cancer-hereditary strain of mice which had been given the 
estrogenic hormone. 

In addition to clinical and laboratory evidence, general observations 
support the hypothesis that roentgen irradiation of the ovaries, with 
subsequent estrogenic inactivity is beneficial as an auxiliary treatment 
to surgical intervention and radium therapy in the treatment of carci- 
noma of the breast. The belief that local etiologic factors, such as 
lactation and trauma, cause malignant mammary tumor appears to be 
of less significance than formerly, while the theory that general systemic 
influences, such as hormonal stimulation, are a causative factor is becom- 
ing more important. Trout *® claimed that carcinoma develops in the 
remaining breast in a high percentage of cases if pregnancy (with 
increased estrogenic activity) occurs subsequent to removal of one breast 
for carcinoma. The extremely malignant character of cancer of the 
breast as a complication of pregnancy is widely recognized, and evidence 
is accumulating, based on general clinical impressions, that suggests that 
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carcinoma of the breast is many times more malignant and less curable 
in young women, in whom the estrogenic hormone is still active, than 
in patients who have passed the menopause. 

As previously stated, the growth-promoting action of the estrogenic 
hormone is the main factor in mammary development at puberty. Wat- 
son reported marked development of the breasts in a girl 19 years of 
age with hypogonadism and amenorrhea, who was given the estrogenic 
hormone in large doses. Geschickter, Lewis and Hartman *° investigated 
the action of this hormone on hypertrophy of the breast and the forma- 
tion of a tumor. They concluded that gynecomastia in the male and 
virginal hypertrophy and fibro-adenoma in the female breast are depen- 
dent on pathologic variations in the action of the estrogenic hormone 
on the duct epithelium and surrounding breast tissues. These observers 
have demonstrated the presence of the estrogenic principle in a fibro- 
adenoma of the breast. 

Since the rate of growth of mammary cancer in animals is accele- 
rated by the estrogenic principle, and since hypertrophy of the breast 
and the formation of a benign tumor in human beings are also influ- 
enced by this hormone, it seems logical to conclude that a malignant 
growth of the human breast may likewise be affected by the action of 
the estrogenic hormone. This seems especially true in view of the fact 
that bilateral oophorectomy retards the rate of growth of a malignant 
tumor of the human breast and causes regression of metastatic nodules. 
In the treatment of mammary carcinoma, therefore, all estrogenic activ- 
ity should be destroyed by roentgen irradiation of the ovaries, since 
the presence of the hormone is an exciting growth factor on the breast 
and on the mammary cancer. If the patient ‘s still in her functional 
years, this type of therapy, in addition to surgical intervention, is all 
the more necessary, although Taylor ** suggested that sometimes benefit 
may be derived from roentgen irradiation of the ovaries after the meno- 
pause. Induction of the menopause, especially in young women, in the 
treatment of carcinoma of the breast may seem somewhat radical, but 
in view of the tremendous growth-promoting properties of the estro- 
genic principle on secondary sexual tissue, this treatment is very rational. 
Its value might be demonstrated by an analysis of a series of five year 
cures of cancer of the breast before and after the menopause. If 
elimination of estrogenic activity is beneficial in the treatment of malig- 
nant mammary growth, there should be more cures of this condition 
in women who have passed the menopause, when the estrogenic hormone 
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has ceased to function. The age element and the extent of the malignant 
growth should, of course, be taken into consideration. 


CANCER OF THE FEMALE GENITAL ORGANS 


Cancer of the female genital organs is included in this discussion 
only because the estrogenic hormone exerts the same growth-stimulating 
influence on these organs as it does on the mammary glands. If it is 
rational to destroy estrogenic activity in the treatment of mammary 
cancer, it is equally rational to eliminate the growth-promoting effect 
in cases of genital malignant growths. This is usually done. In the 
treatment of cancer of the cervix of the uterus a sufficient amount 
of radium is used to induce cessation of all ovarian and estrogenic 
activity. Also, in cases of a malignant growth of the fundus, the uterus, 
tubes and ovaries are generally removed and the estrogenic element 
thus destroyed. In cases of carcinoma of the ovaries the estrogenic 
hormone is probably ineffective as a growth stimulant, since it does 
not influence the organ directly. Surgical intervention and high voltage 
roentgen therapy, however, will usually remove all estrogenic effect. 
On the other hand, surgical treatment of cancer of the vulva or of 
the lower part of the vagina should be accompanied by inactivation of 
the estrogenic hormone, as in the case of malignant growths of the 
breast. 

SUMMARY 


A hypothesis is advanced that roentgen irradiation of the ovaries, 
with the elimination of the estrogenic activity, might be beneficial as 
a supplement to radical mastectomy and radium therapy in the treatment 
of malignant tumor of the breast. The earlier encouraging results 
obtained from bilateral oophorectomy and the laboratory evidence sug- 
gesting that the estrogenic hormone stimulates the growth of secondary 
sexual tissue and of tumor support this hypothesis. Only clinical appli- 
cation of this auxiliary therapy will prove its value. 
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ACUTE CEREBRAL INJURIES 


ANALYSIS OF TEMPERATURE, PULSE AND RESPIRATION CURVES 


BARNES WOODHALL, M.D. 
BALTIMORE 


During the past decade, since the introduction of methods for cere- 
bral dehydration, the treatment of acute cerebral injuries has become 
complicated. During this time there has been an increasing tendency 
in the diagnosis of such lesions for the physiologic reaction of the 
organism to intracerebral pressure to be superseded by mechanical 
measurement of intracerebral pressure. Treatment has been guided by 
the degree of spinal fluid pressure as recorded on the manometer with- 
out consideration of the natural defenses of the body or the manifesta- 
tions that arise when these defenses have reached their limits. Cerebral 
tissue that is already traumatized has been further insulted by chemical 
solutions or by intermittent shifts in pressure produced by drainage of 
the spinal fluid. Finally, the current classifications of these injuries are 
open to the criticism that they cannot accurately convey the extent of 
intracerebral damage or aid in most instances in the treatment of the 
damage. In an effort to present a clinical and physiologic basis for the 
classification, diagnosis and therapy of acute cerebral injuries, 300 con- 
secutive patients with such injuries admitted to the neurosurgical service 
of the Johns Hopkins Hospital have been studied. 

The present classifications of cerebral injuries have been established 
on purely anatomic and pathologic foundations ; they have been erected 
on what the eye can see and the hand can feel at operation or at autopsy. 
They have disregarded the reaction of the body to different grades of 
trauma. This manner of classifying cerebral injuries can be of no 
clinical assistance in evaluating the extent of intracerebral damage and 
the resulting pressure. It is possible, however, to formulate from a 
given series of cases a classification which will answer this purpose 
(table 1). 

Trauma to the brain produces the same sequelae as trauma elsewhere 
in the body, namely, edema, hemorrhage and destruction of tissue of 
different degrees according to the type and extent of the exciting force. 
These sequelae, because the skull may be considered a closed box and 
inexpansible, produce the condition known as intracerebral pressure. 
By decreasing the vascular bed, tissue fluid and ventricular space, the 
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brain is able to compensate for a mild degree of pressure. If the pres- 
sure overcomes these natural defenses, death results unless surgical 
intervention is employed. Death results from anemia of the so-called 
vital centers in the medulla oblongata, that is, those centers regulating 
cardiac and pulmonary action and controlling the temperature. These 
nuclear aggregations are peculiarly sensitive to alterations in the cerebral 
pressure, and with the state of consciousness, their reactions may be 
recorded as curves for temperature and for pulse and respiratory rates 
and may be used as fundamental guides for the handling of the patient. 
On the basis of these guides, acute injuries to the brain may be divided 
into four groups, a classification that is both of diagnostic and of thera- 
peutic aid. 


TABLE 1.—Anatomic and Pathologic Classification of Cerebral Injuries Based on 
Three Hundred Cases 


Anatomic consideration 
Fracture of the skull 


No. of Cases 


Pathologie consideration 
Injury to the brain 


CLASSIFICATION OF INJURIES TO THE BRAIN 


Type 1.—Injury of this type occurred in the largest number of 
persons—213. One hundred and ninety of the patients were not oper- 
ated on, and 23 underwent operation. On the whole, injury of this type 
represents that class of cerebral injury known as concussion, either with 
or without alteration in the structure of the skull. All the patients, 
however, did not show evidence of fracture of the skull. Injury of 
type 1 is characterized by an initial instantaneous loss of consciousness 
lasting but a few minutes, followed by a return to complete conscious- 
ness or a varying period of drowsiness. The temperature curve, after 
an early drop or after starting from a normal level, shows mild hyper- 
pyrexia of perhaps 101 F. rectally and a slow, regular decline to normal 
within from twenty-four to seventy-two hours. The curve for the 
pulse rate closely follows the temperature curve, rising steadily with it 
after an initial irregularity and falling to normal in the same length of 
time. The respirations are normal, or during the period in which the 
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temperature rises, they. may show a slight but regular retardation. In 
only 4 cases in this group were there significant changes in the respira- 
tory action, whereas in all there were identical temperature and pulse 
curves. All the patients portrayed the state of consciousness mentioned 
previously. The patients operated on included those suffering from 
simple depressed fractures necessitating elevation of bone fragments 
without further relief from pressure. There were nine fatalities, due 
entirely to complications, such as pneumonia and meningitis, giving a 
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Chart 1.—Typical clinical record of an adult with cerebral injury of type 1. 
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Chart 2.—Typical clinical record of a child with cerebral injury of type 1. 


mortality of 2.06 per cent in the cases in which operation was not per- 
formed and 17.39 per cent in those in which operation was performed. 
Representative charts, as compiled at the bedside, are illustrated by 
charts 1 and 2, the first demonstrating the reaction to injury in an adult 
and the second the more active response in a child. 

Injuries to the brain that fall into the next two groups by virtue 
of a state of consciousness and representative curves for the tempera- 
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ture and pulse and respiratory rates are the most interesting and the 
most amenable to surgical intervention when the natural defenses of the 
body collapse. It is obvious that the surgeon has no active part to 
play in cases of injury of type 1, except that of closely observing the 
patient and possibly of reconstructing a depressed skull. The compen- 
satory mechanism of the brain is able to control the mild degree of 
pressure in this group. Unless complications arise, there will be no 
fatalities due to intracerebral pressure alone. The patient with an 
injury of this type will survive in spite of or regardless of specific 
methods of treatment directed toward relief from pressure. The next 
two types of injury were found in 36 and 24 cases, respectively, com- 
prising 20 per cent of the total series. 


Type 2.—Injury of this type occurred in 36 persons. It is chiefly 
characterized by the appearance of either early or late bradycardia, asso- 
ciated with a slight and persistent rise in temperature, rarely greater 
than 101 F. rectally, and by a respiratory rate which sometimes varies 
from the normal. In this group the respiratory rate was normal in all 
but 12 cases. The initial loss of consciousness may last but a few 
minutes but usually is prolonged. Throughout the course of the dis- 
ability, the patient shows a more extensive loss of consciousness, varying 
from drowsiness to restlessness to periods of hyperactivity contrasting 
with semicoma. The state of consciousness may coincide with the 
gravity of the bradycardia. After a short initial rise, the slow, heavy, 
pounding pulse may develop early, or as pressure increases, from an 
extradural hematoma for instance, the retardation in the pulse rate may 
make its appearance late. The temperature, as noted, rarely exceeds 
101 F. rectally and becomes normal when and if the bradycardia dis- 
appears. In 8 of the cases there was a slow, regular and deep respira- 
tory excursion during the bradycardic interval; in 4 others there was 
an early, shallow irregularity in the respiratory rate. At no time did 
the latter present the clearcut curves portrayed by the temperature 
and pulse rate. This persistent, regular bradycardia may be considered 
evidence of compensated intracerebral pressure. The earliest irregu- 
larity in the bradycardia, the slightest rise in temperature or the briefest 
deepening in the state of consciousness are warning signals that the 
limits of compensation have been reached. It will be noted in the fol- 
lowing charts that even simple bradycardia, without irregularity in tem- 
perature, respiratory rate or state of consciousness, is a potentially 
dangerous manifestation. 

Chart 3 is the clinical record of a patient with early bradycardia, an 
elevated temperature and a normal respiratory rate. The state of con- 
sciousness was always good. This points to the fact that a certain 
degree of pressure may affect these various indexes differently. The 
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entire pattern of the injury must be evaluated as a whole. This chart 
demonstrates a condition of compensated intracerebral pressure. 

Chart 4, made in a fatal case of cerebral injury, presents a clinical 
record that is typical for a patient with injury of type 2. The state of 
consciousness remained fairly adequate until a generalized convulsion 
ensued. There was slight if any change in the body temperature, and 
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Chart 3.—Clinical record of a patient with cerebral injury of type 2. 
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Chart 4.—Typical clinical record of a patient with a fatal cerebral injury of 
type 2. 


the respiratory rate was normal until shortly before death. As may be 
seen, there was marked bradycardia. While the operating room was 
being prepared, the patient succumbed to pulmonary edema, following 
the injudicious use of epinephrine. 
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Chart 5 records the data in a similar case. Neither of these persons 
showed marked blunting of the state of consciousness. Both fell into 
coma without warning other than that furnished by the development of 
bradycardia. 


Twenty-one persons in this group underwent an operative procedure, 
namely, subtemporal decompression. There were 4 fatalities, making 
a mortality of 17.39 per cent as compared to that of 25 per cent in the 
group of cases in which operation was not performed. The effects of 
the permanent relief from pressure obtained by subtemporal decom- 
pression are seen in charts 6, 7 and 8. The first two charts show an 
initial bradycardia and a rise in temperature with a rapid decline in the 
state of consciousness not compatible with further conservative treat- 
ment. Chart 6 shows that after operation the bradycardia returned, 
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Chart 5.—Typical clinical record of a patient with a fatal cerebral injury 
of type 2. 


with a rising state of consciousness, however, and a falling temperature 
curve. Chart 7 shows that after operation the clinical picture was 
similar to that produced by simple concussion or by a simple degree of 
pressure, as noted in the cases of injury of type 1. Chart 8 shows 
bradycardia developing over a period of three days and, after removal 
of an acute subdural hematoma for relief from pressure, reversion to 
the picture presented in cases of injury of type 1 after the pressure has 
been relieved. 


Type 3.—Injury of this type occurred in 24 cases. It represents 
the second type of injury, for which surgical intervention is indicated 
and most often successful. In but few cases in this group were the 
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defenses of the body able to compensate for the intracerebral pressure 
without external assistance. The typical picture is characterized by a 
high, unremitting fever, the temperature ranging from 102 to 103 F. 
rectally, with corresponding or somewhat less marked tachycardia and 
evidence of a profound disturbance in the state of consciousness. The 
respiratory rate begins to show a decided alteration from normal. Only 
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Chart 6.—Clinical record of a patient with cerebral injury of type 2 on whom 
subtemporal decompression was performed. 
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Chart 7.—Clinical record of a patient with cerebral injury of type 2 on whom 
subtemporal decompression was performed. 


2 patients in this group exhibited a normal rate. The mortality was 
higher in this group. In the cases in which operation was performed 
it was 47.36 per cent, and in the few cases in which surgical intervention 
was not employed it was 66 per cent. Chart 9 portrays the usual clinical 
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record of a patient with this degree of injury. Death occurred sud- 
denly much the same as in the cases of injury of type 2, in which there 
was apparently compensation. 

Chart 10 shows another example of a clinical record in a case of 
injury of this type. There was an initial rise in the temperature and 
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Chart 8.—Clinical record of a patient with cerebral injury of type 2 on whom 
subtemporal decompression was performed. 
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Chart 9.—Typical clinical record of a patient with cerebral injury of type 3. 


the pulse rate, coma and a fairly normal respiratory rate, followed by 
a rise in the state of consciousness and then by a “break” in compen- 
sation and deepening coma. A subtemporal decompression afforded 
permanent relief from pressure, and the clinical record reverted to that 
representative of a type 1 injury. 
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Chart 11 shows the clinical record made in a case of similar injury, 
in which after early surgical intervention there was reversion to a clini- 
cal picture resembling that seen in cases of injury of type 2. In sucha 
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Chart 10.—Clinical record of a patient with cerebral injury of type 3 on whom 
subtemporal decompression was performed. 
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Chart 11.—Clinical record of a patient with a cerebral injury of type 3 on 
whom early surgical intervention was performed. 


case the bradycardia may be watched less anxiously because permanent 
relief from pressure has been obtained. 

Finally, chart 12 shows the clinical record made in a case of injury 
of type 3, in which bilateral decompression was unsuccessful in obtain- 
ing relief. The failure of the pressure curve to assume either one of 
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the less formidable outlines and the observation that the state of con- 
sciousness was not relieved following the first decompression made, 
were clinical guideposts that severe pressure was still present. In this 
case the cerebral damage was overwhelming. 


Type 4.—Injury of this type includes trauma of such a severe 
degree that no procedure is successful in nullifying the effects of intra- 
cerebral pressure. It is clearly signalized by immediate and lasting 
coma, a rapidly rising pulse rate and temperature and a respiratory rate 
that approaches the Cheyne-Stokes type in coloration. Twenty-seven 
patients in the entire series had injuries of this type. Those on whom 
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Chart 12.—Clinical record of a patient with cerebral injury of type 3 on 
whom bilateral decompression was performed without relief from pressure. 


operation was performed and those for whom surgical intervention was 
not employed were about equally divided. The mortality was 100 per 
cent whether surgical intervention was attempted or not. Chart 13 
shows the clinical record of a patient with injury of this type. 


OUTCOME IN CASES OF CEREBRAL INJURY IN RELATION TO 
VARIOUS FACTORS 


Figures on the mortaility are found in table 2. In brief résumé, 
229 of the patients were white and 71 were Negroes. The mortality in 
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the cases in which operation was not performed was 12.06 per cent, in 
the cases in which operation was performed, 45.55 per cent, and for the 
entire group, 18.66 per cent. It is evident from a consideration of the 
number of deaths and survivals in the cases of injury of all types in 
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Chart 13.—Typical clinical record of a patient with cerebral injury of type 4. 


Tas_e 2.—Mortality Rates in Three Hundred Cases of Injury to the Brain 


No. of Patients 
Not Operated On Percentage 


No. of Patients 
Operated On 


Type of Injury Living Dead Mortality Living Dead Mortality Total 
185 5 2.12 19 4 17.39 213 


which operation was performed and those in which it was not per- 
formed that the following statements may be made: 


1. All patients with injury of type 1 and a certain diminishing per- 
centage of those with injuries of types 2 and 3 will progress satisfac- 
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torily without operation; a small number will die because of compli- 
cations. 


2. A much larger number of patients with injuries of types 2 and 
3 will demand operative intervention ; if depressed fractures of type 1 
are included, the percentage rises. 


3. There is a definite percentage of patients who will die whether 
they are operated on or not. 


If cases of depressed fractures in which there is no rise in intra- 
cerebral pressure are excluded, one may state that in 78 per cent of 


TABLE 3.—Causes of Injury and Results 


Cause of Injury 


Results “Blow Vehicle Fall 
Without operation 
With operation 
Total 
13 58 29 
TABLE 4.—Roentgenographic Findings 
Living Dead 
“With Without With Without 
Operation Operation Operation Operation Total 
Roentgenograms taken....... > tle 16 137 4 3 160 
Normal PlOCUPC......ccccccccccecs 5 38 1 1 45 
Reentgenograms not taken...... 15 62 26 21 124 
Injury visualized................. 14 8 2 1 25 
0 5 0 0 5 


cases of acute injury to the head there is no necessity for active surgical 
intervention ; in 13 per cent, surgical intervention is indicated and will 
be helpful, and in 9 per cent, the outcome is always fatal and no pro- 
cedure will be effective. 


Tables 3 to 11 are a part of this study, and the data presented in 
them are self explanatory. 

After the degree of intracerebral pressure present in any patient has 
been ascertained by his physiologic reactions to that pressure, operative 
intervention is employed if compensation is at a dangerous level or if 
it has reached its limit. Table 12 shows the procedures performed on 
77 patients and the outcome after each type of operation. It will be 
seen that unilateral or bilateral subtemporal decompression was the 


T- 
iC- 


Tasie 5.—Local Injury to the Scalp 


Type of Injury 


Position of Injury 
Left side of cranium 
Right side of cranium 
Bilateral 


Tasie 6.—Drainage of Hemorrhagic Fluid or Spinal Fluid from 
Cranial Orifices * 


Position of Drainage 


ll 

1 
Combination 14 Total 154 
No bleeding 22 Total 146 


*In about one half of the cases there was drainage of hemorrhagic fluid or of spinal 
fluid from the cranial orifice. Drainage from the ear is of little significance, whereas drainage 
from the nose or from a combination of orifices is potentially more dangerous. Of the 
patients with evidence of drainage, 21.9 per cent died; of those without such evidence 15.1 
per cent died. 


TasLe 7.—Data on Respiraiory Rate 


Type lInjury Type 2Injury Type3 Injury Type 4 Injury 
ration Patient Living Dead Living Dead Living Dead Living Dead Total 


No change 
Without operation... 183 


Slow, deep and regular; from 
14 to 16 
Without operation.. 
With operation 


Fast and regular; from 
30 to 40 
Without operation.. 
With operation...... 


Early, fast and irregular 
Without operation.. 
With operation 


Shallow with Cheyne-Stokes 
type of coloration 
Without operation. . 
With operation 


Pure Cheyne-Stokes type 
Without operation.. 
With operation 
Late tachypnea 


Without operation.. 
With operation. 


Résumé 
Respiratory rate of significance 
Late tachypnea 


Living ‘Dead =Total 

Wome 2 7 32 
Living Dead 

‘a 8 ee on 1 ee 1 14 

2 4 4 5 8 18 

ee oe ee oe 6 12 


14 


Taste 8.—Neurdlogic Signs and Symptoms 


General Signs Living Dead Total Localizing Signs Living Dead Total 


a 7 Localized convulsion........ 6 18 
Semicomatous............... 21 5 26 Hemiplegia..............+++-. 26 ll 37 
Coma...... bade 0 15 15 Hyperrefiexia, local.......... 5 9 
13 2 15 Spasticity, local............. 1 1 2 
Coma versus hyperactivity... 11 6 17 po Sor 0 1 1 
15 19 Babinski sign, unilateral... . 7 10 #17 
13 2 15 Ankle clonus, unilateral. .... 1 4 5 
109 ll 120 q 1 5 
WORcbaddcsicdocceccsce ” 1 51 Involvement of sixth nerve.. 3 2 5 
Involuntary voiding... .. 2 1 3 Involvement of fifth nerve, 

Generalized convulsion...... 7 6 13 3 0 2 
Generalized hyperreflexia... . 3 4 7 Involvement of eighth nerve 9 0 9 
Babinski sign, bilateral...... 9 1 10 Involvement of seventh 

Kernig sign, bilateral........ 0 1 1 8 0 8 
Ankle clonus, bilateral....... 3 3 6 1 0 1 
Arefiexia, bilateral... .. 1 11 12 Headache, localized.......... 1 0 1 
Cervical rigidity. . 3 3 6 Conjugate deviation of eyes: 

3 0 3 6 2 8 
Spasticity, generalized....... 0 1 1 Away from lesion.......... 2 5 7 
Small fixed pupils............ 3 4 7 Anisocoria: 

Dilated padnn pupils...... 7 3 10 Pupil dilated on side of 

Dilated fixed pupils.......... 2 1 3 ll 3 14 
Sluggish pupils.............. 0 2 2 Pupil ‘cauuivicaed on side 

0 1 1 3 0 3 
Rotatory nystagmus........ 3 0 3 1 0 1 
Divergent squint............. 1 0 1 Involvement of third nerve.. 2 0 2 
Diplopia...... 2 0 2 Involvement of second 

Convergent squint........... 1 0 1 


TABLE 9.—Data on Complications 


Type of Complication Living Dead Type of Complication Living Dead 


32 9 Otitis media. 1 0 
Syphilis...... 6 1 0 1 
Peripheral fracture........ 14 6 1 0 
Axial fracture............. 12 6 Gangrene of skin.......... 1 0 
1 5 0 1 
2 5 Secondary anemia......... 0 1 
Scalp infection............. 1 0 Abdominal hemorrhage... 0 3 
Peripheral abscess......... 1 0 Epinephrine (?)........ 0 1 
Traumatic psychosis 4 0 1 0 
Myocardial failure......... 1 1 Hemothorax.............+- 0 1 
Peripheral laceration...... 3 1 Pulmonary edema......... 0 2 
Intra-orbital hemorrhage. 1 0 Rupture of eyeball......... 1 0 
Acute gonorrhea........... 1 0 Exophthalmos............. 1 0 
Résumé 
Complications Living Dead Total 
No complications 


TasLe 10.—Causes of Death in Fatal Cases * 


TypellInjury Type2Injury Type3Injury Type 4 Injury 
Trauma...... 


0 1 5 93 
ess 4 0 1 1 
Pulmonary edema.................. 0 0 1 0 
0 1 0 0 
1 0 0 0 
Preparation tor operation: 
Apoplexy............ Sonne 1 0 0 0 


* Overwhelming trauma plays the greatest réle. Meningitis and pneumonia are the common 
fatal complications. 
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operation of choice when permanent relief from pressure was sought. 

The results of a comparison of the four types of injury and the find- 
ings at operation are interesting and support the integrity of this method 
of classification. In cases of injury of type 1, there is little if any dis- 
turbance visible in the cerebral tissue itself. There is never diffuse 
edema. In 2 cases bloody fluid under tension was encountered, with 
occasional discoloration of the pia mater. Operation in cases of injury 
of types 2 and 3 revealed various grades of cerebral damage, all pro- 
moting a rise in pressure. Included in this group are cases of extra- 
dural hematoma in which the growth promotes symptoms of pressure 


TABLE 11.—Sequelae Noted at Discharge * 


Paralysis of eighth nerve, complete or partial.....................cceecceees 
To return for Ghevation Of 


* Thirty-five of 244 persons showed some type of residuum at the time of discharge from 
the hospital. 


TABLE 12.— Results of Operations 


Type 1 Type 2 Type 3 Type 4 Mor- 
Injury Injury Injury Injury ty. 


Type of Operation ‘Living Dead ‘Living Dead ‘Living Dead ‘Living Dead Total centage 


Elevation of fragments 18 2 se 20 0 
Unilateral subtemporal 

decompression... Aa 1 16 4 5 6 ne 11 43 62 
Bilateral subtemporal 

decompression... 1 1 4 4 1 ll 54 
Osteoplastic bone flap.. .. on 1° se 1 100 
Cisternal drainage..... ‘ 3 66 


Mortality, percentage.. 17 19 52 100 


* In conjunction with decompression. 


by external compression. Also included in injuries of these types are 
vascular injuries to the cortex that give rise to subdural hematoma, 
moderate to severe cerebral edema and edema in some degree plus cor- 
tical laceration and some petechial hemorrhages. Operation in cases of 
injury of type 4 invariably revealed massive edema associated with cere- 
bral laceration and multiple petechial hemorrhages. Autopsy was per- 
formed in 33 per cent of the cases. 


THERAPY 


The armentarium necessary for the clinical study of acute cerebral 
injuries as outlined here is extremely simple. The service of a trained 


j 
a || 
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neurosurgeon is always necessary for the successful treatment of the 
patient whose intracerebral pressure demands relief. Proper early 
handling is most important. As soon as the patient is admitted to the 
hospital he should be placed at complete rest. No unnecessary handling 
should be essayed. Roentgenograms play a small part if any in the 
diagnosis and should be disregarded in the acute phase. No fluid is 
given by mouth, and the prone position with the head elevated and to 
one side is maintained. Severe shock, which is rare, is treated as in 
injuries elsewhere in the body, except that harsh stimulants are avoided 
in the presence of hidden bleeding. No morphine is given as it may 
possibly cloud the clinical picture. Except in cases of extradural and 


TasLe 13.—Data on Operative Findings 


Type 1 Type 2 Type 3 Type 4 
Injury Injury Injury Injury 


Operative Picture Living Dead Living Dead Living Dead Living Dead Total 


Depression of skull; dura torn... 3 3 
Depression of skull; local corti- 

No pressure; brain normal or 

discolored; old bloody fluid... . 
Slight edema; brain otherwise 

normal; fluid under pressure... .. 1 
Extradural hemorrhage.......... 
Subdural hemorrhage; cortical 

Moderate cerebral edema; fluid 

under pressure; occasional 

petechial hemorrhage.......... = 6 as 2 3 ll 
Severe cerebral edemas; oc- 

casional petechial hemorrhage ... a 3 1 3 1 mt 4 12 
Massive cerebral edema; lacera- 

tion of cortex; petechial hem- 

Combination of last four groups 


Ot 


we 
oo 


subdural hemorrhages, no operative procedure is undertaken until spon- 
taneous bleeding has ceased. This period will last, roughly, about six 
hours. Meanwhile, studies every fifteen minutes of the physiologic 


reactions prevously outlined will give a reliable mdex of the severity of 
intracerebral pressure. 


SUMMARY 


Three hundred cases of acute cerebral injury are reported, with a 
mortality of 18.66 per cent. 

Records of the pulse rate, the temperature and the respiratory rate, 
plus observation of the state of consciousness, are reliable indexes of 
the degree of intracranial pressure. 

A classification of acute cerebral injuries based on such physiologic 
reactions of the organism to cerebral injury is offered. 

Various supplementary tables are appended. 
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LETHAL FACTORS IN BILE PERITONITIS 


1. “SURGICAL SHOCK” 


HENRY N. HARKINS, M.D., Pxu.D. 


PAUL H. HARMON, M.D., Pu.D. 
AND 
JEANNE HUDSON, S.B. 
CHICAGO 


The mechanism of death in bile peritonitis has puzzled investigators 
for a number of years. Although the condition is rare clinically, its 
theoretical implications warrant a thorough consideration. In the 
present paper certain findings are reported that indicate that one of 
the lethal factors in bile peritonitis is a disturbance of fluid balance 
in the body resembling the so-called condition of surgical shock. 


RESUME OF LITERATURE ON SURGICAL SHOCK 


Various Theories of Secondary Shock.—During the first three 
decades of the present century the question of the mechanisms active 
in the production of surgical or traumatic shock centered chiefly around 
the theories of nervous? and of toxic origin. In Cannon’s book? on 
the subject, published in 1923, he concluded: “The theory of secondary 
shock which has the strongest support both in clinical observations 
and in laboratory experiments is that of a toxic factor operating to 
cause an increased permeability of the capillary wall and a consequent 
reduction of blood volume by escape of plasma into the tissue.” It was 
not until the past eight years that the work of Phemister and Handy,* 
Phemister,* Blalock and Parsons and Phemister® indicated that in 


From the Douglas Sniith Foundation and the service of Dr. Edmund Andrews, 
Department of Surgery, the University of Chicago. 
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2. Cannon, W. B.: Traumatic Shock, New York, D. Appleton & Company, 
1923. 

3. Phemister, D. B., and Handy, J.: Vascular Properties of Traumatized 
and Laked Bloods, J. Physiol. 64:155-173 (Nov. 21) 1927. 

4. Phemister, D. B.: The Vascular Properties of Traumatized and Laked 
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1928. 

5. Blalock, Alfred: Experimental Shock: The Cause of the Low Blood 
Pressure Produced by Muscle Injury, Arch. Surg. 20:959-996 (June) 1930. 

6. Parsons, Eloise, and Phemister, D. B.: Haemorrhage and “Shock” in 
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many instances of experimental traumatic shock a local escape of blood 
or blood plasma into the injured tissues is sufficient to account for any 
changes in blood pressure or blood volume that occur. 


Loss of Plasma-Like Fluid in Various Types of Experimental 
Secondary Shock.—Some observers noted that in conditions aside from 
shock due to trauma to an extremity there was a localized loss of fluid 
into the injured tissues with a resultant fall in blood pressure and signs 
and symptoms of shock. In some instances this fluid was essentially 
similar to blood plasma. Blalock,’ Underhill* and later Harkins ® 
studied the importance of the local loss of fluid in the production of 
the low blood ‘pressure after experimental burns. Harkins, Harmon 
and Hudson *° showed that in experimental freezing there is a some- 
what similar localized loss of plasma-like fluid, with a resultant blood 
concentration and low blood pressure. Johnson and Blalock ** showed 
that intestinal manipulation in dogs produces an extensive weeping of 
the visceral peritoneal surfaces that is an important causative factor 
in the resultant shocklike syndrome. It is of interest to note that the 
results of Swingle and Parkins *? are not entirely in agreement with 


7. Blalock, Alfred: Experimental Shock: VIII. The Importance of the 
Local Loss of Fluid in the Production of the Low Blood Pressure After Burns, 
Arch. Surg. 22:610-616 (April) 1931. 

8. Underhill, Frank P.; Kapsinow, Robert, and Fisk, Merl E.: Studies on 
the Mechanism of Water Exchange in the Animal Organism: I. The Nature and 
Effects of Superficial Burns, Am. J. Physiol. 95:302-314 (Nov.) 1930; II. Changes 
in Capillary Permeability Induced by a Superficial Burn, ibid. 95:315-324, 1930; 
III. The Extent of Edema Fluid Formation Induced by a Superficial Burn, ibid. 
95: 325-329, 1930; IV. The Composition of Edema Fluid Resulting from a Super- 
ficial Burn, ibid. 95:330-333, 1930; V. The Relationship of the Blood Chlorides to 
the Chlorides of Edema Fluid Produced by a Superficial Burn, ibid. 95:334-338, 
1930; VI. The Composition of Tissues Under the Influence of a Superficial Burn, 
ibid. 95:339-347, 1930. 

9. Harkins, Henry N.: Shift of Body Fluids in Severe Burns, Proc. Soc. 
Exper. Biol. & Med. 31:994-995 (May) 1934; Experimental Burns: I. The Rate 
of Fluid Shift and Its Relation to the Onset of Shock in Severe Burns, Arch. 
Surg. 31:71-85 (July) 1935. 

10. Harkins, H. N.: Shock Due to Freezing: I. Shift of Body Fluids and 
Associated Blood Concentration Changes, Proc. Soc. Exper. Biol. & Med. 32: 
432-434, 1934. Harkins, H. N., and Hudson, J. E.: Shock Due to Freezing: II. 
Composition of Edema Fluid, ibid. 32:434-435, 1934. Harkins, H. N., and Har- 
mon, P. H.: Experimental Freezing: Bleeding Volume, General and Local Tem- 
perature Changes, ibid. 32:1142-1143, 1935. . 

11. Johnson, G. S., and Blalock, Alfred: Experimental Shock: XII. A Study 
of the Effects of Hemorrhage, of Trauma to Muscles, of Trauma to the Intestine 
and of Histamine on the Cardiac Output and on Blood Pressure of Dogs, Arch. 
Surg. 23:855-863 (Nov.) 1931. 

12. Swingle, W. W., and Parkins, W. M.: A Comparative Study of the Effect 
of Trauma on Healthy Vigorous Dogs With and Without Adrenal Glands, Am. J. 
Physiol. 111:426-439 (March) 1935. 
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those of Johnson and Blalock. Swingle and Parkins found that even 
two and one-half hours of vigorous intestinal stripping had little effect 
on the blood pressure. 


Loss of Blood in Various Types of Secondary Shock.—In other 
instances of a shocklike syndrome, an extensive loss of almost pure 
blood into the injured tissues results. The effect of trauma to an 
extremity in dogs was further studied by Robinson and Parsons ** and 
by Roome, Keith and Phemister.** Scott and Wangensteen ** showed 
that the loss of blood in experimental intestinal strangulation had a 
close relationship to the degree of shock and to death. This loss occurred 
into the intestinal walls and lumens and was associated with a weeping 
of plasma-like fluid into the peritoneal cavity. It was much more 
extensive when the veins alone to the loop were ligated and less so 
when the arteries alone or the arteries and veins together were ligated. 
This is similar to the findings of Brooks** in Volkmann’s ischemic 
palsy produced experimentally. Brooks found that this condition could 
be best simulated by ligation or obstruction of the veins alone to an 
extremity. In both the experimental and the clinical examples of Volk- 
mann’s palsy there is effusion of blood into the tissues with resultant 
swelling, although in general this swelling is not extensive enough to 
produce a shocklike syndrome. Elman and Cole*’ recently showed 
quantitatively that the rapid death which occurs after acute portal 
obstruction “is to be explained on the basis of a loss of blood from the 
systemic into the portal system of a sufficient magnitude to reduce 
‘blood pressure below that compatible with life.” Domenech-Alsina, 
Benaiges and Arqué** showed that irrigation of the peritoneal cavity 


13. Robinson, Will, and Parsons, Eloise: Hemorrhage and “Shock” in Trau- 
matized Limbs, Arch. Path. 12:869-888 (Dec.) 1931. 

14. Roome, N. W.; Keith, W. S., and Phemister, D. B.: Experimental Shock: 
The Effect of Bleeding After Reduction of the Blood Pressure by Various 
Methods, Surg., Gynec. & Obst. 56:161-168 (Feb.) 1933. 

15. Scott, H. G., and Wangensteen, O. H.: Blood Pressure Changes Corre- 
lated with Time, Length and Type of Intestinal Strangulation in Dogs, Proc. Soc. 
Exper. Biol. & Med. 29:428-431 (Jan.) 1932; Blood Losses in Experimental Intes- 
tinal Strangulations and Their Relationship to Degree of Shock and Death, ibid. 
29:748-751 (March) 1932. 

16. Brooks, Barney: Pathologic Changes in Muscle as a Result of Disturbances 
of Circulation: An Experimental Study of Volkmann’s Ischemic Paralysis, Arch. 
Surg. 5:188-216 (July) 1922. 

17. Elman, Robert, and Cole, Warren H.: Hemorrhage and Shock as Causes 
of Death Following Acute Portal Obstruction, Arch. Surg. 28:1166-1175 (June) 
1934. 

18. Domenech-Alsina, F.; Benaiges, B., and Arqué, P.: Etude du choc pro- 
voqué par l’irrigation péritonéale hypertonique, Compt. rend. Soc. de biol. 114: 
104-105 (Feb. 12) 1933. 
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of dogs with a hypertonic solution (4 per cent) of sodium chloride 
gave rise to a progressive fall in blood pressure, a rise in the percentage 
of hemoglobin, a drop in the carbon dioxide reserve content of the blood 
and an increase in the blood chloride content. In some of the animals 
there was a sudden drop in the blood pressure just before death, as has 
been observed in secondary shock due to other causes. 


The Irreversibility of the Shock Syndrome.—The physical explana- 
tion of various types of shock should not be accepted as the complete 
answer to the problem without careful consideration. It has long been 
known both clinically and experimentally that even the simplest of 
shocklike syndromes, namely, that following hemorrhage, is not always 
curable by restoration of the amount of blood that is lost. Blalock 
has mentioned this fact, and it has previously been noted by others. As 
early as 1914 Pilcher and Sollmann * noted that after dogs were bled 
extensively, the blood pressure “can only be brought back to 60 mm. 
no matter how much fluid is injected.” Schlossberg and Sawyer ** 
showed in studies on hemorrhage in cats that if the blood pressure were 
“allowed to remain long at the shock level after the hemorrhage, it 
could not be permanently restored.” The recent work of O’Shaugh- 
nessy and Slome ** demonstrates that the local loss of fluid may not be 
the sole factor in the production of traumatic shock. From experi- 
ments on the degree of trauma necessary to produce shock in the pres- 
ence of varying extents of reflex connections, they concluded that both 
local loss of fluid and discharge of nociceptive nervous stimuli are the 
effective etiologic agents. They stated: “The evidence does not allow 
us to dogmatize as to the relative importance of these factors, although 
we are inclined to believe that the nervous factor dominates the picture.” 
Freeman,”* Schlossberg and Sawyer** and others showed that the 
sympathetic nervous system has a direct controlling influence on the 
circulating blood volume and is to be reckoned with as a factor in the 
production of shock. Freeman also showed that hemorrhage gives 


19. Blalock, A.: Acute Circulatory Failure as Exemplified by Shock and 
Haemorrhage, Surg., Gynec. & Obst. 58:551-566 (March) 1934. 

20. Pilcher, J. D., and Sollmann, T.: Studies on the Vasomotor Center: The 
Effects of Intravenous Infusion of Normal Saline Solution, Am. J. Physiol. 35: 
70-72 (Aug.) 1914. 

21. Schlossberg, T., and Sawyer, M. E. Mackay: Studies of Homeostasis in 
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rhage, Am. J. Physiol. 104:195-203 (April) 1933. 

22. O’Shaughnessy, L., and Slome, D.: Etiology of Traumatic Shock, Brit. J. 
Surg. 22:589-618 (Jan.) 1935. 

23. Freeman, Norman E.: Hemorrhage in Relation to Shock: Experimental 
Effect of Intravenous Injections of Saline, Gum Acacia, and Blood on the Rate 


of Adrenal Secretion Resulting from Hemorrhage, Ann. Surg. 101:484-493 (Jan.) 
1935. 
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rise to a fall in blood pressure and to an increase in the secretion of 
epinephrine. This secretion produces stasis, leading to further loss of 
blood, and thus a vicious circle is established. Swingle and his co-work- 
ers ** reported that bilateral adrenalectomy produces a syndrome that is 
similar to traumatic shock in thirty-one particulars. Later Swingle and 
Parkins ** showed that dogs without adrenal glands were much more 
susceptible to trauma than normal dogs. Furthermore, when a shocklike 
condition was produced in adrenalectomized dogs, recovery followed 
the administration of extract of the adrenal cortex. Heuer and 
Andrus *° showed that the shocklike syndrome produced after the intra- 
venous injection of the contents of obstructed intestinal loops was ameli- 
orated by injections of extract of the adrenal cortex. 

It seems, therefore, that while the physical explanation of shock on 
the basis of local loss of fluid into the injured tissues is undoubtedly of 
importance, nervous factors may make the injured animal or patient 
more susceptible to this loss of fluid. Furthermore, overaction of the 
sympathetico-adrenal system or an insufficient supply of adrenal cortex 
hormone may result in a generalized leakage into the tissues of fluid 
from the blood in addition to the localized loss at the site of injury, 
producing a vicious circle. It has been shown by Brooks and Blalock ** 
that when there is reduction of the blood volume even by simple hemor- 
rhage there may be hemorrhagic involvement of the adrenal glands. 
This damage may in turn produce a secondary insufficiency of adrenal 
cortex hormone. The local loss of fluid into the injured tissue is 
undoubtedly of importance in the production of shock, but it does not 
entirely explain why the shock syndrome is so often irreversible. A 
too prolonged period of low blood pressure with damage to the tissue 
is frequently a factor in this irreversibility. 


RESUME OF LITERATURE ON BILE PERITONITIS 


Bile Peritonitis Without Demonstrable Perforation of the Gall- 
bladder.—The literature indicates a possible difference between human 
and experimental bile peritonitis. Mentzer *’ has collected reports of 
numerous cases of bile peritonitis in which the patient recovered, but 
he also found many reports which contained evidence of the toxicity 


24. Swingle, W. W.; Pfiffner, J. J.; Vars, H. M.; Bott, P. A., and Parkins, 
W.M.: The Function of the Adrenal Cortical Hormone and the Cause of Death 
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25. Heuer, G. J., and Andrus, W. DeW.: The Effect of Adrenal Cortical 
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Closed Intestinal Loops, Ann. Surg. 100:734-749 (Oct.) 1934. 

26. Brooks, B., and Blalock, A.: Shock with Particular Reference to That 
Due to Hemorrhage and Trauma to Muscles, Ann. Surg. 100:728-733 (Oct.) 1934. 

27. Mentzer, S. H.: Bile Peritonitis, Arch. Surg. 29:227-241 (Aug.) 1934. 
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of bile. To explain this, he mentioned the work of Brand,** who 
“showed that dog’s bile contains eight times as much taurocholic acid 
as glycocholic acid, while human bile contains only from one-fifth to 
one-eighth as much” and who furthermore stated that taurocholic acid 
is from twelve to twenty times as toxic as glycocholic acid. However, 
Horrall and Carlson *® noted no special difference in the toxicity of 
sodium taurocholate and sodium glycocholate and found that the 
cholate radical is the toxic component of the two. It is quite possible 
that in many instances the difference is to be explained by the fact 
that bile from the gallbladder has been used in most experimental studies, 
whereas in cases of bile peritonitis in human beings the leakage of 
bile is often from the common duct or liver, or from a gallbladder that 
has lost its concentrating power. In experimental studies in which bile 
from the common duct or a combination of bile from the common duct 
and from the gallbladder has been used, such as those of Ziegler and 
Orr,®® the results have been inconstant and fatal results have been less 
frequent than when bile from the gallbladder alone was used. The 
recent work of Blalock ** on experimental bile peritonitis produced by 
bile from the common duct obtained by means of a cannula also gave 
inconstant results. Blalock found that when 11 cc. of bile per kilo- 
gram of body weight, obtained by means of a cannula that had been 
in the common duct for one day, was injected intraperitoneally into 
another dog, death resulted. However, with 20 cc. of bile per kilo- 
gram of body weight, collected by means of a cannula that had been in 
the common duct for six days, death did not result. For the particular 
purpose in mind, Blalock’s method was feasible, as he was attempting 
to study perforated peptic ulcer, and bile from the common duct is the 
type, if any, that would enter the peritoneal cavity in this condition. 
The interesting condition of biliary peritonitis without apparent per- 
foration of the bile tracts has often been reported in human beings. 
Clairmont and von Haberer * described bile peritonitis without demon- 
strable perforation in 1911. Later they postulated ** that there must be 
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a pathologic condition of the walls of the gallbladder or bile channels 
to permit this abnormal permeability. Sick and Frankel * collected 
reports of eighteen cases of this interesting condition from the litera- 
ture two years later. Cases have been reported by Sabadini and Cur- 
tillet,*° Tormey,** Bundschuh,** Melchior,** Schievelbein,®*® and others. 
In the excellent bibliography on bile peritonitis in Wangensteen’s *° 
paper on the subject, reports of numerous instances without obvious 
perforation are collected. Nauwerck and Liibke ** claimed that macro- 
scopic examination alone is not sufficient to rule out the presence of — 
a small tear or pinpoint opening in the biliary system. Blad ** showed 
that in vitro the pigments in colloidal bile cannot pass through a mem- 
brane but that when a tryptic enzyme is added the colloids are destroyed 
and the pigment is “liberated,” which then passes through the membrane. 
These results held true when a freshly removed gallbladder was used 
as a membrane. Blad elaborated these results in vivo in dogs by ligating 
the common duct and injecting nonsterile duodenal juice into the gall- 
bladders of dogs. In these experiments the gallbladder became com- 
pletely necrotic, and actual bile peritonitis without perforation resulted. 
The action was attributed to the tryptic enzymes in the duodenal juice. 
Risel ** reported a case of sterile gangrene of the gallbladder in a human 
being, although in this instance he thought that the gangrene may have 
been due to a thrombotic process in the cystic artery rather than to a 
tryptic enzyme. Many cases in human beings may be cited to contradict 
the statement that necrosis of the wall of the gallbladder alone will 
lead to the escape of bile. These include instances of suppurative chole- 
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cystitis and Kubig’s ** case of volvulus of the gallbladder, in which, 
in spite of total necrosis of the mucosa, submucosa and muscularis, no 
bile was found in the peritoneal cavity. Andrews and Aronsohn *° more 
recently found that bile peritonitis developed in about one ninth of their 
dogs after the injection of small amounts of bile salts into the gall- 
bladder by a retrograde catheter inserted up the common duct. In these 
dogs there was no evidence of perforation of the gallbladder or of the 
bile ducts. Combined bile salts were found to be less active in this 
regard than unconjugated solutions, and it is possible that deconjugating 
enzymes may be a factor in producing leakage. 

Toxicity of Bile-——Early experimental work on bile peritonitis indi- 
cated that the toxic action of absorbed bile might be the chief lethal 
factor. Wangensteen stated that “the experimental animal dies of chole- 
mia due to the toxic action of the bile.” In dogs with experimental bile 
peritonitis he noted reddening of the peritoneal surfaces but made no 
mention of any exudate. In dogs dying of bile peritonitis Ziegler and 
Orr *° found an increase in the nonprotein nitrogen and the urea nitro- 
gen content of the blood, which they attributed to an increase in the 
destruction of tissue, and a fall in the chloride content of the blood, 
which they attributed to vomiting. They found the peritoneal cavity 
distended with “bile-stained liquid” but made no other mention of its 
nature. Aerobic cultures were positive in one case and negative in four 
cases. Horrall ** gave an extensive review of work on the toxicity of 
bile. He reported by experiments on heart-lung preparations that bili- 
rubin is a nontoxic substance. Still *7 also stated that bilirubin is non- 
toxic. Regan and Horrall ** showed that dehydrocholic acid is not as 
toxic as glycocholic acid. Andrews, Thomas and Schlegel *° placed bits 
of liver in the pleural cavities and in the axillae of dogs and attributed 
the ensuing death to toxic reaction from the implant. Rewbridge and 
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Hrdina,®® in discussing the etiologic réle of bacteria in bile peritonitis, 
produced peritonitis in twenty dogs by allowing bile to drain into the 
peritoneal cavity. Determinations of bilirubin by the van den Bergh 
method and of bile salts by the quantitative Pettenkofer test were made 
on blood drawn from the femoral veins of these dogs four and eighteen 
hours after operation. No increase in the amount of bilirubin or of 
bile salts could be detected by these methods, even though the animals 
were dying as the result of peritonitis. Too much reliance should not 
be placed on results obtained by the quantitative Pettenkofer test. 


The Réle of Bacteria in the Production of Bile Peritonitis—The 
literature on this angle of the subject will be reviewed more fully in 
the next paper of this series. Suffice it to say that certain authors, 
including Ellis and Dragstedt,** Andrews and Hrdina,®* Rewbridge,* 
Andrews, Rewbridge and Hrdina ** and Dvorak,®* have attributed an 
importance to bacteria in peritonitis due to liver autolysis; Andrews 
and his co-workers extended this work to bile peritonitis. Other authors, 
especially Trusler and Reeves ** and Trusler, Reeves and Martin,*’ are 
not convinced of the importance of these organisms in the production 
of bile peritonitis. Still other writers, including Horrall,®* Ziegler and 
Orr * and Wangensteen,*® made only aerobic cultures and did not find 
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bacteria in the bile or peritoneal fluid. Boyce and McFetridge,® in 
their recent article on the so-called liver death, found that pieces of 
normal liver of dogs placed intraperitoneally produced death but that 
incubated liver extract did not, contrary to the results of some of the 
previous workers. Dvorak * concluded on the basis of his experiments 
on liver autolysis in dogs that anaerobic bacteria or their toxic products 
cause death or lysis of dog’s liver, and he found no toxic product in 
the liver responsible for death which was inherent to hepatic tissue 
and independent of bacterial activity. 


Dehydration and Loss of Flwid as a Factor in Bile Peritonitis— 
Among the many observers who produced experimental bile peritonitis, 
some *° made no mention of a peritoneal exudate. Others mentioned 
the exudate but did not attribute an important rdéle to it. Thus in certain 
of the dogs of Andrews, Rewbridge and Hrdina,®* 300 cc. of a sero- 
sanguineous exudate was found in the peritoneal cavity at necropsy. 
Mason and his co-workers *° were the first to demonstrate that this 
fluid might be sufficient in amount to be of serious import. Mason and 
Lemon stated: “The fluid lost into the abdomen is doubtless sufficient 
to cause circulatory disturbances; however, we have not been able to 
prolong life by administering fluids intravenously—the amount of free 
fluid usually being equal to one-third to one-half of the total blood 
volume.” These authors pointed out the accompanying decrease in the 
plasma volume and the fibrous deposits on the peritoneal surface, but 
they did not discuss the effects of loss of protein. They expressed the 
belief that there are three factors in death due to liver autolysis: (1) 
the toxic factor, since from 7 to 8 cc. of their liver extract solution ™ 
injected intravenously produced death ; (2) bacilli resembling the Welch 
bacillus, which are not important, as a culture of them given intraperi- 
toneally did not cause death, and (3) anhydremia with a decrease in 
the plasma volume. Mason and Davidson *%* had previously analyzed 
the peritoneal exudate for nonprotein nitrogen, urea nitrogen, amino- 
acid nitrogen, sugar and uric acid and found that it contained higher 
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amounts of all these components, except sugar, than the circulating 
blood. In this article they discussed the exudate entirely from the 
standpoint of its potential toxic properties. Mason, Davidson and 
Matthew °° later showed that spleen autolysis produces a picture quite 
similar to that of liver autolysis. Horrall ** also noted blood-stained 
fluid in the abdomen of dogs dying of biliary peritonitis but did not 
analyze it for protein content. Mason and Nau, in their recent review 
of the cause of death due to liver autolysis, reported that the anaerobic 
bacillus found at the time of death may be injected intraperitoneally 
and intravenously into animals without causing any harmful results. In 
this article they placed less emphasis on the baneful effects of the accom- 
panying anhydremia and revert to their former point of view as to 
the prime importance of the absorption of toxic products generated 
from the hepatic tissue. Blalock ** produced bile peritonitis in nineteen 
dogs. In one of these the hematocrit reading rose from 41 to 61.7 per 
cent, and autopsy revealed the presence of 265 cc. of blood-tinged fluid 
in the peritoneal cavity and considerable reddening of the serous sur- 
faces. He suggested that the loss of this fluid might be a factor in 
the production of shock, but he did not analyze the fluid for protein 
content. Trusler, Reeves and Martin ** noted the presence of peritoneal 
exudate in dogs dying of peritonitis due to liver autolysis or to the 
injection of bile salts. In several of their dogs there was 500 cc. of 
blood-tinged fluid in the abdomen. They reported no analysis of this 
fluid for protein content and made no statement as to the importance 
of the loss of this much fluid from the circulating blood volume in a 
short time. They were chiefly interested in the bacterial content of 
the exudate. 

A study of these reports on peritonitis due to liver autolysis and to 
the injection of bile or bile salts led us © to believe that the mere physical 
loss of fluid into the peritoneal cavity might be one of the lethal factors 
in this condition. At the same time we made further studies on the 
bacterial factor in bile peritonitis, which are to be included in another 
paper in this series. The experiments on the surgical shock factor in 
bile peritonitis are listed here. 


EXPERIMENTAL STUDY 


In all experiments dogs under complete anesthesia and free from all pain were 
used. In certain experiments dogs recovering from a sterile surgical operation 
were kept in comfortable cages with an adequate supply of food and water, while 
in other instances the dogs were killed painlessly at the termination of the experi- 
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ment. Certain dogs were given intravenous medication without anesthesia in the 
same manner as performed on man and suffered no pain. Eighty-five dogs were 
used in this study as well as numerous rabbits, cats, pigeons and guinea-pigs. 

Group 1.—Fall in Blood Presswre-—The technic used for producing bile peri- 
tonitis in all groups of experiments was essentially the same and will be described 
at this point. In some experiments repurified Armour’s bile salts were made into 
a 10 per cent aqueous solution and autoclaved in Erlenmeyer flasks; in others, 
whole bile was used. This was obtained by aspiration with a syringe and needle 
of the gallbladder of normal living animals under ether anesthesia, aseptic sur- 
gical technic being used. The bile was cultured aerobically and anaerobically, and 
all contaminated specimens were discarded. In other experiments bile peritonitis 
was produced by defundation of the gallbladder combined with ligation of the 
common duct. Sodium barbital, 250 mg. per kilogram of body weight, was injected 
intramuscularly into the thigh in most experiments. In certain experiments the 
blood pressure was recorded on a drum with a cannula in the carotid artery. Clean, 
but not aseptic, technic was used in injecting the sodium barbital and in cannulating 
the carotid artery. The abdomens of the animals were shaved when anesthesia was 
complete, and after double sterilization of the skin with iodine and with careful 
aseptic surgical technic, the abdomen was opened and the bile or bile salts intro- 
duced under direct vision. In most instances the incision was made in the linea 
alba to avoid touching the muscles of the abdominal wall. In other instances, in 
which a rectus incision was used, the end of the syringe and the bile were not 
allowed to come directly in contact with the muscle. The wounds were closed in 
layers, and the animals were observed, the blood pressure being taken at frequent 
intervals. After the blood pressure had fallen to a so-called shock level (70 mm. 
of mercury), the abdomen was again opened in certain instances, aseptic surgical 
technic being used. Sometimes the second incision removed the wound of the 
first, and at other times the incisions were entirely separate. The material from 
the peritoneal cavity was then cultured, aspiration being performed with a multi- 
perforated stainless steel suction tip, and in some instances the cavity was washed 
out two or three times with sterile physiologic solution of sodium chloride. The 
abdomen was reclosed in those animals that were still living. 


The blood pressure sometimes fell slightly at the time of injection 
of the bile but soon returned to the control value. This occasional initial 
fall is similar to that seen in so-called primary shock, which is accom- 
panied by no marked decrease in cardiac output or blood volume, as 
shown by Blalock.** After this the blood pressure fell gradually until 
the animal was near death, at which time there was believed to be a 
rapid failure of the mechanism which compensates for the decrease in 
blood volume. This was evidenced by the rapid fall in the blood pres- 
sure. The blood pressure fell in ten of fourteen animals in which it 
was recorded to below 70 mm. of mercury. In the remaining instances 
the record of the blood pressure was not continued until death. The 
fall in blood pressure occurred in animals with peritonitis due to injec- 
tion of 10 per cent solution of bile salts or whole gallbladder bile and 
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to defundation of the gallbladder with ligation of the common duct. 
Blood pressure tracings are shown in charts 1 and 2, which are typical 
except that the final collapse of blood pressure is not present. The 
later fall in blood pressure is similar to that seen in animals in sceondary 
shock after trauma to an extremity,® intestinal manipulation,’ burns,’ 


etc., which is accompanied by a decrease in the cardiac output and the 
blood volume.’® 


Chart 1—Tracing showing the fall in blood pressure after the intraperitoneal 
injection of 105 cc. of a 10 per cent solution of bile salts (7.5 cc. per kilogram 
of body weight) in dog A, which weighed 14 Kg. The initial reading was 152 mm. 
of mercury, and the final reading ten minutes before death was 45 mm. The 
kymographic drum was stopped several times during the recording of the tracing. 


Chart 2.—Tracing showing the fall in blood pressure after the intraperitoneal 
injection of a 10 per cent solution of bile salts (7.5 cc. per kilogram of body 
weight) in dog B, which weighed 8.5 Kg. The final reading of 45 mm. of mer- 
cury was obtained three minutes before the animal was killed by bleeding. 


Group 2.—Blood Concentration—The percentage of hemoglobin was deter- 
mined by the Sahli hemoglobinometer and the hematocrit reading by the Van Allen 
hematocrit. The ear was shaved, and a sample of blood was obtained from a 
large vein by cutting with a razor. Except when secondary shock was present, 
the flow of blood was free enough to require a compressive dressing after the 
reading was obtained. This method was considered to assure a uniform sample 
without danger of low counts because of separation of the cells to the center of 


a capillary axial stream. Readings were taken before the intraperitoneal injec- 
tion and at intervals thereafter until death. 
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The percentage of hemoglobin and the hematocrit reading rose 
gradually, as shown in chart 3. The greatest increase was in experi- 
ments LL, MM and NN, in which the percentage of hemoglobin rose 
from 101, 118 and 108 to 177, 190 and 178, and the hematocrit reading, 
from 51, 50 and 51 to 80, 77 and 80, respectively. All of the thirty-two 
dogs in which the blood concentration was carefully followed after 
the institution of bile peritonitis showed a definite rise in the percentage 
of hemoglobin and in the hematocrit reading. Control experiments on 
dogs under similar anesthesia showed little or no blood concentration. 
The concentration began soon after the onset of the peritonitis and 
increased gradually in contrast to the blood pressure, which remained 
fairly well compensated until near the end, when it collapsed suddenly. 
This is similar to the changes in the blood concentration and in the 
blood pressure in burns, as was shown by Harkins.® It indicates that 
observations on the concentration of the red cells might be of more 
clinical value than observations on the blood pressure. Accompanying 
the concentration of the blood there was a noticeable difficulty in obtain- 
ing samples of blood from the veins and arterioles of the ear. A cut 
directly over a vessel that at the start of the experiment would have 
given a good flow of blood would bleed very scantily, even though the 
blood pressure had not fallen appreciably. This difference was more 
than the mere increase in the viscosity of the blood could account for 
ard was taken as evidence for the compensatory vasoconstriction sec- 
ondary to a diminution in the blood volume. Possibly, as Freeman ** 
suggested, this is due to an increase in the output of epinephrine. 


Group 3.—Loss of Fluid into the Peritoneal Cavity—In most. experiments the 
peritoneal cavity was opened immediately after death, and the amount of peri- 
toneal fluid was measured. In other experiments the peritoneal fluid was removed 


sometime before death and again after death. There were twenty-seven experi- 
ments in this group. 


In four experiments in which the animal was killed by bleeding 
after the production of bile peritonitis, the amount of peritoneal exudate 
averaged 1.8 per cent of the body weight. In ten experiments in which 
the amount of fluid was determined at death, it averaged 1.8 per cent 
of the body weight. In eleven experiments in which the peritoneal 
cavity was aspirated and the animal treated by a transfusion of blood 
or infusion of plasma with usually ultimate death, the total amount of 
peritoneal fluid averaged 3.5 per cent of the body weight. Two other 
animals are included in the twenty-seven listed in table 1. The greater 
average amount of peritoneal fluid found in the treated animals indicates 
a possible prolongation of life, permitting greater loss of fluid or direct 
leakage of the plasma used as intravenous medication into the peritoneal 
cavity. The average total amount of peritoneal exudate for the twenty- 
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seven animals was 2.5 per cent of the body weight. To be strictly 
accurate, the amount of bile or bile salts originally injected into the 
peritoneal cavity should be deducted. In the twenty-seven experiments 
this averaged 0.4 per cent of the body weight, and thus the corrected 
value for the amount of peritoneal fluid would be 2.1 per cent of the 
body weight. 

This amount of peritoneal fluid is of especial significance when 
it is considered, as will be shown later, that it is not a mere transudate 
but is chemically similar to blood plasma. The average amount of peri- 
toneal fluid found in these experiments is slightly less than that of 
edema fluid found by us in cases of shock due to freezing,’® in which 
it averaged 2.5 per cent of the body weight, or of shock due to burns, 
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Chart 3.—Curves showing the rise in the percentage of hemoglobin and in the 
hematocrit readings in animals with bile peritonitis. Animals A and N received 
intraperitoneal injections of 7.5 and 2.5 cc. of a 10 per cent solution of bile salts 
per kilogram of body weight, respectively. Animals R, T, Y and MM were given 
5 cc. of a 10 per cent solution of bile salts per kilogram of body weight. Animals 
II and LL received 4 and 5 cc. of whole gallbladder bile per kilogram of body 
weight. A rise in the percentage of hemoglobin and in the hematocrit readings 
was found in twenty-four other animals data for which are not shown in this 
figure. 


in which it averaged 2.2 per cent of the body weight. However, the 
average amount of fluid reported in the present experiments includes 
values obtained on several animals that did not die, and furthermore 
it is possible that the correction applied for the amount of bile or bile 
salts originally injected is too rigid, as some of the injected solution 


TABLE 1.—Measurement of Peritoneal Exudate in Twenty-Seven Dogs * 
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may have been absorbed. Incomplete evidence for this is that the chem- 
ical constitution of the peritoneal fluid so closely resembled blood plasma. 

Some interesting calculations can be made from the change in hema- 
tocrit readings and the amount of peritoneal exudate. In table 1 it 
is seen that the average initial hematocrit reading was 47 and the average 
reading at the time of the first removal of peritoneal fluid was 67. 
Assuming a constant value for the erythron, that the amount of peri- 
toneal fluid found escaped directly from the blood stream as blood 
plasma, reducing the blood volume by that amount, and that the blood 
volume is one thirteenth of the body weight, then on the basis of the 
initial hematocrit reading a theoretical final hematocrit reading can be 
calculated. Thus, with the average weight 11.1 Kg.,®* the blood volume 
is 855 cc. Since the initial hematocrit reading is 47, 402 cc. of this 
will be cells and 453 cc. plasma. If an average of 212 cc. is lost into 
the peritoneal cavity, the final plasma volume will be 241 cc., which, 
with a constant value for the erythron, would correspond to a final 
theoretical hematocrit reading of 62. Since the actual final hematocrit 
reading is 67, this means that only 75 per cent of a theoretical reduction 
in blood volume calculated on the basis of hematocrit readings is 
accounted for by the peritoneal fluid. Possibly, as Swingle and his 
associates ** have postulated, there is a general escape of fluid from 
the entire vascular system. It is to be realized, of course, before giving 
these calculations too much value, that they are based on several assump- 
tions and on figures that include a large experimental error. 

It is quite possible that not only the amount of fluid lost from the 
blood stream but the interval of time in which it is lost may be a factor. 
It is a well known fact that the body can tolerate large losses of exudate 
over a sufficiently long period of time. Enormous collections of fluid 
in nephritis are an example. On the other hand, the amount of plasma 
or blood lost per hour would not be an adequate index of the severity 
of the leakage, as an average-sized man could stand the loss of 1,000 cc. 
of blood in one hour better than 500 cc. of blood every hour for four 
hours. In three experiments in which the animal did not die imme- 
diately (MM, NN and DD), the peritoneal fluid obtained at the first 
aspiration represented an average of 1.1, 7.2 and 12.1 cc. per kilogram 
of body weight per hour. In four other experiments (A, V, EE and L) 
the amount of fluid obtained at death represented an average of 4.8, 
4.8, 4.7 and 1.9 cc. per hour. In three experiments in which shock 
was produced by burtts,® the edema fluid (experiments 5, 4 and 8) 
represented an average of 1, 4.7 and 4.6 cc. per kilogram per hour. In 


63. The averages of 11.1 Kg. for the weight of the dogs and 212 cc. for the 
amount of peritoneal fluid differ slightly from those given in table 1 because they 
do not include those from Experiment GG, in which no hematocrit determinations 
were made and which hence should not be included in the averages. 
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three experiments in which shock was produced by freezing,’® the 
edema fluid (experiments 1, 5 and 10) represented an average of 2, 
2 and 1.4 cc. per kilogram per hour. These figures vary considerably 
but are of the order of 5 cc. per kilogram per hour. They seem to 
be of the same magnitude in shock whether due to bile peritonitis, burns 
or freezing. It is to be noted that 5 cc. per kilogram per hour represents 
only 350 cc. per hour in a man weighing 70 Kg. These calculations 
concerning the fluid lost per hour are of little value at present because 
of the extreme variation of the results, but they may serve as a basis 
for future studies along this line. 


Group 4.—Loss of Fluid into the Viscera and Lumen of the Bowel.—Because of 
the uniform finding of extensive subserosal hemorrhage and occasional hemor- 
rhage into the lumen of the bowel in cases of experimental bile peritonitis, it was 
believed that this loss of blood might be an added lethal factor. No way of 
measuring the hemorrhage beneath the parietal peritoneum was found. To deter- 
mine that into the bowel, the following experiments were performed. The bowel 
was removed from the pylorus to the region of the peritoneal reflection of the 
rectum after ligation at the upper and lower ends so as to prevent loss of contents. 
It was then weighed after all the mesentery had been carefully removed. In 
table 2 this weight is listed as the weight of the intestine when full. The bowel 
was then split lengthwise, and the contents were washed away. In many instances 
these contents were definitely blood-stained. The bowel was then dried ina 
uniform manner by patting with a dry towel. It was then weighed and its length 
measured after laying it lengthwise on the floor, serous surface down. A solid 
portion, usually about 3 Gm. of the wall of the bowel 30 cm. from the pylorus, 
was then placed in a weighed beaker and evaporated to constant weight at 113 C. 
from forty to forty-eight hours. 


These observations were made on ten animals after the injection 
intraperitoneally of bile salts, on six animals after the injection intra- 
peritoneally of bile from the gallbladder and on twelve control animals. 
The intestinal lengths were measured because it was early noted that 
in individual animals the ratio of intestinal length to body weight was 
not constant. However, it is seen that in the three series of experiments 
shown in table 2 the average length of the intestine per kilogram of 
body weight was 34, 35 and 32 cm., respectively. The average weight 
of the full intestine per kilogram of body weight was 32, 31 and 31 
Gm. ; these figures represent remarkably constant results. The weight 
of the contents of the intestine was definitely higher in the series of 
animals with bile peritonitis (6.7 and 6.6 Gm. per kilogram of body 
weight) than in the control animals (3.9 Gm. per kilogram). This is 
in spite of the fact that anesthesia and preanesthetic feeding and the 
administration of fluid were the same in the series with peritonitis 
as in the control series. The difference of 3.7 Gm. per kilogram of 
the body weight is only 0.37 per cent of the body weight, which is of 
minor importance compared to the amount of peritoneal exudate (order 
of 2 per cent of the body weight). In certain cases there was a definite 
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bloody diarrhea, but the amount of bloody feces lost was never more 
than 100 Gm. The solid content of the bowel after evaporation to 
dryness in the series of animals with bile peritonitis averaged 0.175 Gm. 
per gram, which was definitely less than in the control series, but, on the 
other hand, in the series in which whole bile was used the average was 


TasLe 2.—The Effect of Bile Peritonitis on the Fluid Content of the Wall 
and the Lumen of the Bowel * 


Weight of Weight of Weight of Dried Solids 
Weight of Length of Full Empty Intestinal of Intestinal 
Dog Intestine, Intestine, Intestine, Contents, Wall, 
Experiment Kg. Cm. Gm. Gm. Gm. Gm. 


Intraperitoneal Injection of Bile Salt 


Intraperitoneal Injection of Gallbladder Bile 
355 190 

420 309 

264 

189 


Average 
Average. 
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* The experiments for the injection of bile salts and whole bile are listed separately and 
are followed by the control experiments. It is seen from the next to the last column to the 
right that the intestinal contents of the dogs with peritonitis averaged slightly more than 
that of the controls. In the last column to the right it is seen that the solid content of the 
wall of the intestine was less in the experiments in which bile salts were used than in the 


control experiments, but that it was greater in the experiments in which whole bile was used 
than in the control experiments. 


higher than in the control series. Hence, the investigation of the water 
content of the tissue of the wall of the bowel gave no striking results. 
In conclusion, it seems that the amount of measurable fluid and blood 
lost into the viscera and intestinal lumen is a minor factor in the pro- 
duction of shock in bile peritonitis. 
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6.8 194 176 18 0.188 
4 GEESE 518 734 440 294 0.191 
518 552 414 138 0.188 
337 257 205 52 0.189 
10.0 177 149 28 
den. 394 536 385 151 0.236 
14.5 350 388 292 96 0.043 
12.5 423 400 316 84 0.175 
Average 5 
4 34 32 25 6.7 
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10.5 366 325 256 0.228 
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Group 5.—Bleeding V olume.—After the blood pressure had reached a so-called 
shock level (about 70 mm. of mercury), the animal, which was lying in a supine 
position, was tipped so that the feet were elevated 10 degrees and bled to death 
from the right carotid artery. After the blood had stopped flowing, the other 
carotid artery was opened, and the animal tipped up to an angle of 75 degrees, 
but these additional procedures usually yielded less than 10 cc. more blood. 


The bleeding volume in four animals averaged 1.8 per cent of the 
body weight, as shown in table 3. The bleeding volume was determined 
in experiment M to be 490 cc. (weight of dog, 12.2 Kg.; peritonitis 
produced by 2 cc. of whole bile per kilogram of body weight; bleeding 
done twenty-one hours after the institution of peritonitis), which cor- 
responds to 4 per cent of the body weight. The results in this experi- 
ment are not included in the averages because there was little evidence 
of blood concentration, the percentage of hemoglobin rising only from 
89 to 93 and the hematocrit reading from 42 to 49, and the total volume 
of peritoneal exudate at death was only 65 cc. (0.5 per cent of the body 
weight). The bleeding volume was determined in experiment X by 
the method of Blalock “ (evisceration with measurement of the blood 
left in peritoneal and pleural cavities) as 0.75 per cent of the body 
weight, but as this reading was taken some time (less than three hours) 
after death, and since. Blalock does not state the relationship of his 
determinations to the time of death, this reading is not included in the 
averages. Blalock ** found the volume of bleeding as expressed in per- 
centage of body weight and determined by his method to be as follows 
in the different types of experiments: (1) control, 5.93; (2) ether 
control, 4.23; (3) sodium barbital control, 5.23; (4) injection of hista- 
mine, 3.56; (5) injection of acetylcholine, 3.46; (6) increased intra- 
pericardial pressure, 4.74; (7) hemorrhage, 1.4, and trauma to an 
extremity, 1.73. Using the method adopted in the present paper, Roome, 
Keith and Phemister ** showed that in experimental shock due to hyper- 
ventilation, anaphylaxis, administration of histamine, section of the 
spinal cord, and spinal anesthesia, the bleeding volume averaged 3.8 per 
cent of the body weight. This is only slightly less than the average 
of 4.5 which they determined and 4.1 which Harkins * determined for 
control animals. On the other hand, in shock due to trauma to an 
extremity, hemorrhage, plasmapheresis and intestinal manipulation, the 
bleeding volume, according to Roome, Keith, and Phemister, was greatly 
reduced, averaging 1.7 per cent. Harkins ** found the bleeding volume 
in burns to average 1.6; Harkins and Harmon? found it to average 


64. Blalock, A.: Shock: Further Studies with Particular Reference to the 
Effects of Hemorrhage, Arch. Surg. 29:837-857 (Nov.) 1934. 

65. Harkins, H. N.: The Bleeding Volume in Severe Burns, Ann. Surg. 102: 
444-454 (Sept.) 1935. 
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2.7 in experimental freezing, and Harmon and Harkins ® found it to 
average 3.3 in experimental intoxication due to the colon bacillus. 
Blalock ** stated that in his experiments with production of peri- 
tonitis by bile, pancreatic juice or gastric juice, he found relatively little 
early reduction in cardiac output. Since the cardiac output, blood volume 
and bleeding volume are all so intimately related, this work of Blalock’s 
might be considered to be in opposition to our findings. However, Bla- 
lock discussed all his experiments together and did not state specifically 
the amount of reduction in the cardiac output found in bile peritonitis. 
Furthermore, his doses of bile were less potent than ours, as gaged by 
their effect on blood concentration. It is unlikely that there would be 
reduced cardiac output in this type of experiment without an accom- 
panying blood concentration. Finally, toward the end of Blalock’s exper- 


TasLe 3.—Bleeding Volume in Dogs with Bile Peritonitis * 


Perito- Hemoglobin Hematocrit Bleed- Bleeding 

Weight neal Percentage Reading ing Volume, 
Ex- of Hours Exu- -——*———~ Vo - Percentage 
peri- Dog, Dose per Kg. of Before date, Maxi- Maxi- ume, of Body 


ment Kg. Body Weight Death Cec. Start mum Rise Start mum Rise Ce. Weight 
B 8.5 7.5ece.10% bilesalt 5 178 62 13 £73 465 6 21 45 0.5 
D 15.5 2.5ce.10%bilesalt 5% 390 93 1388 45 44 70 2 390 2.5 


LL 12.0 5.0cc. whole bile 5 260 101 177 76 51 so 29 210 17 
KK 6.5 5.0 ce. whole bile 3 65 98 128 30 4 68 14 165 2.5 


* Two of the animals received injections of bile salts intraperitoneally, and two received 
injections of whole bile intraperitoneally. Bleeding from the carotid artery was done from 
three to five and one-half hours after the institution of peritonitis, and at necropsy from 
65 to 390 ec. of plasma-like peritoneal exudate was found in the peritoneal cavity. A marked 
rise in the hemoglobin percentage and hematocrit reading was noted in all animals. The 
bleeding volume is expressed as percentage of the body weight. 


iments there was a definite lowering of the cardiac output and “the 
subsequent change consisted of a greater drop in the cardiac output 
than in the blood pressure, as is found in secondary shock.” 

A perusal of the results in the present article on bleeding volume 
indicates that in control animals and in all those conditions that give 
rise to so-called primary shock, the bleeding volume is greater than 
3 per cent of the body weight. In those conditions that lead to so-called 
secondary shock, the bleeding volume is less than 3 per cent. The aver- 
age bleeding volume in bile peritonitis was 1.8 per cent, and according 
to this criterion comes under the province of secondary shock. 


Group 6.—Chemical Analysis of Peritoneal Exudate.—In thirty-one experiments 
in which bile peritonitis was produced, a chemical analysis of the peritoneal 
exudate was made. The fluid was slightly tinged with blood, but clotted if no 


66. Harmon, P. H., and Harkins, H. N.: Bleeding Volume in Experimental 
Colon Bacillus Intoxication, Proc. Soc. Exper. Biol. & Med. 32:1144-1146, 1935. 
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anticoagulant was added. A similar amount of anticoagulant was added to the 
peritoneal exudate and to samples of blood obtained from the femoral vein. 
Analyses were made on the fluid and on the blood plasma. The sugar was deter- 
mined by the Folin 1929 modification method on a sulfate-tungstate filtrate; the 
sodium chloride, by the Eisenman open-Carius method; the protein, by the Koch- 
McMeekin micro-Kjeldahl method, and the nonprotein nitrogen, by the same 
method on a Folin-Wu filtrate. In certain experiments the albumin-globulin ratio 
was determined. 


Some of the results are shown in table 4. The concentration of sugar 
is in general lower in the fluid than in the blood plasma. The chloride 
concentration is approximately the same in the blood plasma and the 
peritoneal fluid. The nonprotein nitrogen content was often much higher 
in the fluid than in the blood plasma. The amount of protein in the 
fluid was often slightly lower than that in the blood plasma but was 
of the same general order. The albumin-globulin ratio was generally 
higher in the fluid than in the blood plasma and was often lower in 
the blood plasma taken at the end of an experiment than that taken from 
the same animal before the institution of the peritonitis. This was 
considered to indicate relatively greater leakage of albumin than of 
globulin into the peritoneal cavity. The extremely low values for sugar 
in certain of the peritoneal exudates are of interest and may be com- 
parable to the low sugar values in the spinal fluid in meningitis. In 
experiments in which the blood plasma was analyzed before and after 
the institution of peritonitis there was usually a slight decrease in the 
amount of sugar, the total amount of protein, the sodium chloride con- 
tent and the albumin-globulin ratio. Control determinations on the bile 
salt solution used in producing peritonitis showed it to give a value of 
18.5 mg. per hundred cubic centimeters for sugar content by means 
of the same method used in the other analyses. The sodium chloride 
content in the control series was 157 mg. per hundred cubic centimeters ; 
the nonprotein nitrogen content was 41 mg. per hundred cubic centi- 
meters, and the total protein content was 0.57 Gm. per hundred cubic 
centimeters. The presence of a small amount of protein indicates the 
uncertainty of the analysis due to colloidal precipitates in the bile salt 
solution, since the solution was prepared to be protein-free. The high 
value for nonprotein nitrogen in the control series may explain some 
of the high values obtained for this component in the blood plasma 
and peritoneal exudate. These results indicate that there are slight 
chemical changes in the blood in bile peritonitis, as listed here, but that, 
more important, the fluid lost into the peritoneal cavity is chemically 
quite similar to blood plasma. Hence, loss of this amount of plasma-like 
fluid is much more harmful to the animal than the loss of a similar 
amount of merely watery fluid. 
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Grour 7.—Pathologic Examination.—All animals used were subjected to careful 
autopsy. In addition to an extensive peritoneal exudate (group 3) and hemor- 
rhages into the viscera and lumen of the bowel and beneath the serous surfaces of 
the peritoneal cavity (group 4), several other observations were made. In certain 
instances there was a small amount, 20 cc. or less, of pleural exudate. This fluid 


TasBLe 4.—Comparison of Chemical Composition of Peritoneal Exudate and 
Blood Plasma in Experimental Bile Peritonitis * 


Peritoneal Exudate Blood Plasma 


Non- Non- 
Sodium protein Total Sodium protein Total 

Ex- Sugar, Chloride, Nitrogen, Protein, Albumin- Sugar, Chloride, Nitrogen, Protein, Albumin- 
peri- Mg. per Mg. per Mg. per Gm. per Globulin Mg. per Mg. per Mg. per Gm. per Globulin 
ment 100Ce. 100Ce. 100Ce. 100Ce. Ratio 100Ce. 100Ce. 100Ce. 100Cc. Ratio 
ope 615 
60 516 
103 645 
146 672 


5.2 
1.6 


133 
123 


22 
1.6 
24 


BSB: 
: 8: BBBS: SBE 


19 
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*In the column of analyses of the peritoneal exudate, in nine instances a sample of 
peritoneal fluid was collected several hours after the injection of bile or bile salts, and a 
second analysis was made from fluid collected later at necropsy. The analyses of blood plasma 
given represent the results on samples of blood collected some time after the injection of 
bile or bile salts. In two experiments, KK and LL, control blood analyses before the start 
of the experiment gave values of 109 and 109 mg. for sugar, 582 and 610 mg. for the sodium 
chloride, 36 and 29 mg. for the nonprotein nitrogen, 5.0 and 6.2 Gm. for the total protein, 
and 3.1 and 8.6 for the albumin-globulin ratio, respectively. The table shows essentially that 
the peritoneal exudate is grossly similar to blood plasma in chemical composition. In most 
instances the blood samples were taken shortly before the death of the animal. 


contained protein in almost the same concentration as blood plasma. The lungs 
were engorged with blood in the dependent portions in some instances. The liver, 
spleen and kidneys were grossly normal. There was no thickening of the wall 
of the gallbladder. In many instances, especially when the blood pressure had 
remained low for some time, there was a hemorrhagic infiltration of the mesen- 
teric glands, especially those in the cecal region, and in the medulla of the adrenal 
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glands. Gross examination revealed no change in the adrenal cortex. In rare 
instances there was an apparently chronic enlargement of the thyroid gland. In 
no instance of a profound fall in the blood pressure was there an engorgement 
of the large mesenteric vessels, and the peripheral arteries and veins seemed to 
be collapsed. No abnormal intravascular clotting was noted, and the heart seemed 
to be normal in all instances. Examination of the stomach and duodenum showed 
no ulceration similar to a Curling ulcer, although in several instances there was 
a localized effusion of blood beneath the mucosa. There was marked fat necrosis 
present in the peritoneal cavity in most instances in which bile peritonitis had 
existed for more than six hours. This was found in the fat around the pancreas 
and remote points as well. 


Microscopic examination showed hemorrhages into the subserosa and sub- 
mucosa of the intestinal wall. In the adrenal glands there were hemorrhages under 
the capsule in the glomerular layer and especially at the corticomedullary junction 
in the reticular and fascicular zones with necrosis of the cells of the medulla. 
Necrosis and hemorrhage in the germinal centers of the mesenteric lymph glands 
were found. The lungs were normal except for occasional areas of edematous 
fluid in the alveoli and small hemorrhages. 


Most of the positive evidence found at necropsy can be explained 
on the basis of the irritative local action of the bile or bile salts. These 
changes include the exudative and hemorrhagic alterations in the viscera 
and peritoneal cavity. The absence of thickening of the wall of the 
gallbladder is said by Blalock to militate against the presence of hista- 
mine in the blood stream. The presence of certain of the hemorrhagic 
changes in the viscera, especially in the medulla of the adrenal glands, 
mesenteric glands and intestinal lumens, has been noted in shock from 
other causes. Brooks and Blalock ** noted somewhat similar changes 
in shock due to trauma or to simple hemorrhage. They found that 
barbital or ether anesthesia alone can cause certain of these changes. 
Similar observations have been made by Fender,®** Bardeen ® and others 
in burns. Donahue and Parkins ® studied the changes in the adrenal 
cortex after trauma. These authors found that hemorrhages appeared 
in the adrenal cortex of dogs four or more hours after trauma and 
that the severity of this hemorrhage was dependent on the degree of 
trauma. Hemorrhagic areas and a depletion of lipoids were generally 
confined to the reticular and fascicular zones. These authors expressed 
the belief that the extent of hemoconcentration is related to the severity 
of the pathologic changes. It is possible that the supposedly secondary 


67. Fender, F. A.: Lymphatic Pathology in Relation to the “Toxin” of Burns, 
Surg., Gynec. & Obst. 67:612-620 (Nov.) 1933. 


68. Bardeen, C. R.: A Review of the Pathology of Superficial Burns with a 
Contribution to Our Knowledge of the Pathological Changes in the Organs in 
Cases of Rapidly Fatal Burns, Johns Hopkins Hosp. Rep. 7:137, 1898. 

69. Donahue, J. K., and Parkins, W. M.: Lipoid and Hemorrhagic Changes in 


Adrenal Cortex Following Trauniatic Shock, Proc. Soc. Exper. Biol. & Med. 32: 
1249-1253, 1935. 
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changes in the adrenal glands may account for part of the irreversibility 
of the shock present in various clinical conditions. 

Rewbridge *° showed that the presence of the pancreas is necessary 
for the development of fat necrosis in peritonitis resulting from bile 
or bile salts. 


Group 8.—To-icity of Bile and Bile Salts—Previous workers ™ have studied 
the toxicity of bile and bile salts more thoroughly than the province of this paper 
would permit, but certain tests were made to determine approximately the toxicity 
of the particular preparation of bile salts used. Four unanesthetized animals were 
given painless intravenous injections of a 10 per cent solution of bile salts. Two 
other animals were given injections intravenously under barbital anesthesia, and 
determinations of the blood pressure were made. 


In experiment YY the animal received a total of 8 cc. of a 10 per 
cent solution of bile salts per kilogram of body weight divided into 
three equal doses at intervals of fifteen minutes. Death occurred two 
minutes after the last injection. Necropsy gave negative results, and the 
percentage of hemoglobin remained constant. In experiment ZZ death 
resulted three hours after the administration of 5 cc. per kilogram of 
body weight. Necropsy gave negative results and there were some hemo- 
globin concentration and slight decrease in the hematocrit reading. In 
experiment WW death resulted four and one-half hours after the injec- 
tion of 5 cc., and in experiment XX there was recovery (still alive after 
three days) after the injection of a similar amount. The results in 
experiments AAA and BBB are shown in chart 4. In neither of these 
animals was there any blood concentration, as evidenced by the per- 
centage of hemoglobin and the hematocrit readings. The animal in 
experiment AAA died following the administration of 4.3 cc. of a 10 
per cent solution of bile salts per kilogram of body weight. In experi- 
ment BBB the animal was given a similar amount, as shown in the 
tracing, followed by an additional 1.2 cc. per kilogram of body weight 
immediately after the end of the recorded tracing, and was then bled 
to death. The volume of bleeding was determined at a time when the 
blood pressure was 60 mm. of mercury, being 225 cc., or 3.2 per cent 
of the body weight, which is distinctly above the average for secondary 
shock. The percentage of hemoglobin and the hematocrit readings in 
these two experiments were, respectively: AAA, control 115 and 57, 
in two hours, 96 and 49; BBB, control 94 and 44, in two hours 92 and 
41, in eleven hours 96 and 42. These experiments indicate that about 
half or more of the animals die from the administration of 5 cc. of 
a 10 per cent solution of bile salts per kilogram of body weight. But 


70. Rewbridge, A. G.: An Experimental Study of Fat Necrosis in Bile 
Peritonitis, Proc. Soc. Exper. Biol. & Med. 28:128-129, 1930. 
71. Brand.2* MHorrall.4¢ Still.47 
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the absence of blood concentration, the nearly normal bleeding volume 
despite a low blood pressure and the absence of hemorrhagic changes 
in the adrenal glands, the mesenteric glands, etc., all are different from 
the effects of biliary peritonitis. 


Group 9.—Toxicity of Peritoneal Exudates—Bile peritonitis was produced in 
three animals by defundation of the gallbladder and ligation of the common duct, 
in two animals by the intraperitoneal injection of sterile whole gallbladder bile 
and in four additional animals by the intraperitoneal injection of a 10 per cent 
solution of bile salts. After an interval of from eighteen to ninety-six hours in 
the different animals, the contents of the peritoneal cavity were aspirated, and the 
peritoneal fluid was tested for effect on blood pressure of normal dogs under 
barbital anesthesia and of rabbits under ethyl carbamate anesthesia. In the tenth 
animal in this group, biliary peritonitis was produced by the intraperitoneal injec- 
tion of bile salts, and after the changes in the blood concentration indicated that 
considerable reaction had set in the contents of the peritoneal cavity were aspirated, 
and the peritoneal exudate was immediately reinjected intravenously into the 
same animal. 


Time in minvtes 


Chart 4.—Tracing showing the course of the blood pressure in two dogs given 
repeated small doses of bile salts intravenously. Dog AAA (weight 7.5 Kg.) 
died eight and one-fourth hours after the start of the experiment and received a 
total of 4.4 cc. of a 10 per cent solution of bile salts per kilogram of body weight. 
Dog. BBB (weight 7 Kg.) received an additional 9 cc. one hour after the end 
of the recorded tracing, and then was killed by bleeding. This dog received a 
total of 5.8 cc. of a 10 per cent solution of bile salts per kilogram of body weight. 


In eight of the nine instances in which the peritoneal exudate was 
injected intravenously into other animals, there was no change in the 
blood pressure of the recipient animal. This is despite the finding of 
various organisms, including Clostridium, B. coli, Staphylococcus and 
Streptococcus haemolyticus in the exudate. All but one of these exudates 
were aspirated ante mortem, the other being obtained four hours post 
mortem. One of the exudates from a dog with peritonitis produced by 
the injection of bile salts gave a marked immediate fall in the blood 
pressure of the recipient dog. This exudate, however, was obtained 
eight hours post mortem and contained a heavy growth of B. coli, which 
organism has been shown by Harmon and Harkins ® to have a vaso- 
depressor effect. The one animal which received its own entire peri- 
toneal exudate followed the same course as other animals suffering a 
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similar type of peritonitis. It did not seem to be harmed and if anything 
was temporarily improved (discussed under “Attempts at Treatment”). 
In conclusion, it may be said that the peritoneal exudate produced by 
bile peritonitis has little effect either on other animals or on the same 
animal when injected intravenously if obtained before postmortem 
decomposition has set in. 


Group 10.—Attempts at Treatment.—Thirty-five animals were used in this 
group of experiments. Sixteen animals received no treatment, and the remaining 
nineteen received various types of treatment. Bile peritonitis was produced in 
animals anesthetized with barbital or morphine and ether, aseptic technic being 
used in the usual manner with intraperitoneal injection of whole gallbladder bile or 
bile salt solution. The animals were then observed at frequent intervals by follow- 
ing the course of the percentage of hemoglobin and the hematocrit reading, and 
in two instances the blood pressure as well until the readings showed a serious 
condition to exist. Then any treatments were performed. The treatments included 
a combination of the following methods: simple aspiration of the peritoneal cavity 
either with or without additional washing out with sterile physiologic solution of 
sodium chloride, reinjection of the peritoneal exudate intravenously, transfusion 
of whole blood and intravenous injection of blood plasma. All treatments were 
performed with complete surgical aseptic technic. When whole blood was used, 
compatibility tests were performed between cells and serum of the donor and the 
recipient. 


Of the thirty-five animals, only four lived more than seventy-two 
hours. Two of these were treated by simple aspiration of the peritoneal 
cavity, while one received in addition blood plasma and another whole 
blood intravenously. A summary of the results follows: 

1. Bile peritonitis was produced by intraperitoneal injection of 2.5 
cc. of 10 per cent solution of bile salts per kilogram of body weight. 
One untreated dog died in two days; one dog treated by aspiration and 
intravenous injection of peritoneal contents died (see group 9). 

2. Bile peritonitis was produced by the intraperitoneal injection of 
5 cc. of a 10 per cent solution of bile salts per kilogram of body weight. 
Seven untreated dogs died; of four treated by aspiration only, one 
recovered and three died. Two treated by aspiration and intravenous 
whole blood died and two treated with whole blood alone died. 

3. Bile peritonitis was produced by the intraperitoneal injection of 
7.5 cc. of a 10 per cent solution of bile salts per kilogram of body weight. 
Two untreated dogs died. 


4. Bile peritonitis was produced by the intraperitoneal injection of 
2 cc. of whole bile per kilogram of body weight. Three untreated dogs 
died and one treated by aspiration died. 


5. Bile peritonitis was produced by the intraperitoneal injection of 
4 cc. of whole bile per kilogram of body weight. Two untreated dogs 
died and one treated by aspiration and blood transfusion died. 
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6. Bile peritonitis was produced by the intraperitoneal injection of 
5 cc. of whole bile per kilogram of body weight. One untreated dog 
died, and one treated by aspiration recovered. Of two treated by 
aspiration and blood transfusion, one died and one recovered. 

7. Bile peritonitis was produced by ligation of the common duct 
and defundation of gallbladder. Two untreated dogs died, and three 
dogs treated by aspiration died. 

Chart 5 shows the fall in blood pressure with a rise after blood 
transfusion in experiment NN. Although the total amount of peri- 
toneal exudate found in this dog was less than the volume of blood 
administered intravenously, the blood pressure ultimately fell again 
and death ensued. At the same time there was a further concentration 
of the blood. In this experiment the amount of peritoneal exudate 
totaled 425 cc., 210 cc. being obtained at aspiration before giving the 


blood transfusion~> 


Aspiration of 
abdomen 
| 
Lz 


Death at Mhe 45min. 


80 
20 4 > 4 
Chart 5.—Tracing showing ineffective blood transfusion in a dog (weight 
14.5 Kg.) with bile peritonitis produced by the injection intraperitoneally of 
72 cc. of a 10 per cent solution of bile salts. There was a decrease in the blood 
pressure after the institution of the peritonitis, with temporary recovery after the 
transfusion of 475 cc. of compatible blood, but ultimate collapse and death. 


+ 


blood transfusion and 215 cc. at necropsy. Chart 6 shows a similar blood 
pressure curve in experiment MM, with fall in blood pressure, tempo- 
rary recovery after transfusion and ultimate collapse and death. It is 
seen that the course of increasing blood concentration was temporarily 
arrested by the transfusion but ultimately became more marked. In 
other experiments in which the animals were given intravenous infusion 
of blood plasma, the hematocrit readings and the percentages of hemo- 
globin would return to near normal after the injection, but ultimately 
the blood would again concentrate. 


Group 11—Effect of Bile and Bile Salts Injected Subcutaneously.—Animals 
were given injections aseptically with bile or bile salts into the axilla and groin of 
one side after the midlines were marked carefully with india ink. After death the 
animals were bisected by Blalock’s method.*? Chemical analysis of the edema fluid 
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found near the site of injection was made. Cultures were taken from the edematous 
subcutaneous tissue and muscle after opening the skin aseptically with a thermo- 
cautery. 


The results obtained in this group of experiments are to be reported 
in detail elsewhere. The average excess in weight of the side on which 
injection was made over the normal side was 3.5 per cent of the body 
weight. The fluid closely resembled blood plasma in its protein content. 
This high protein content indicates that the bile acts as an irritant rather 
than merely as an osmotic agent, attracting only water from the blood 
stream. Anaerobic cultures of the tissues were sterile in several instances 
despite the death of the animal. These results indicate that bile or bile 
salts can produce an irritative action sufficient to cause death by exu- 
dation of plasma-like fluid when placed elsewhere than in the peritoneal 


~ 


HOURS AFTER INJECTION OF BILE SALTS 


Chart 6.—Curves showing the results of ineffective blood transfusion in a dog 
(weight 20 Kg.) with bile peritonitis. The decrease in blood pressure, temporary 
recovery after transfusion and ultimate collapse are shown. The blood pressure 
is indicated by the broken line; the hematocrit readings, by the dotted line, and 
the percentage of hemoglobin, by the solid line. The animal died shortly after 
the last reading. The gradually increasing blood concentration is shown by 
parallel behavior of the lines representing the hematocrit readings and the hemo- 
globin percentages. This concentration is temporarily arrested by the transfusion, 
but later becomes more marked just before death. 


cavity. Horrall** and Horrall and Carlson ** noted edema following 
the subcutaneous injection of a solution of bile salts but did not report 
its amount. Andrews, Rewbridge and Hrdina ** made similar observa- 
tions and in addition showed that bile salts placed in the pleural cavity 
produced a pleural exudate. 


Group 12.—Report of aCase of Bile and Colon Bacillus Peritonitis, Probably 
the Result of Perforation of the Biliary Tract.**—G. H., a plumber, married, aged 
56, entered the University of Chicago Clinics on Nov. 8, 1934, with the complaint 


72. Dr. Lester Dragstedt granted us permission to report this case. 


|| 
/ 
=a 
| 


HARKINS ET AL—BILE PERITONITIS 


605 


of abdominal pain of two days’ duration. Previous to the present illness he 
had been quite well and had never had abdominal pain, any form of indigestion 
or symptoms of disease of the gallbladder and had never been jaundiced. The 
present illness began two days before admission to the hospital, when he began 
to have some mild epigastric distress. The day before admission he was seized with 
a sudden, severe epigastric pain. The pain was entirely localized to the middle of 
the abdomen and did not radiate to the back, shoulders or arms. He vomited 
with the pain and since that time continued to vomit small quantities of “bile- 
stained” fluid. Because of the persistence of the pain, the local doctor made a 
diagnosis of ruptured peptic ulcer and referred him to the clinics. 

On admission the temperature was 101.8 F. (oral), the pulse rate 160, the 
respiratory rate 40, and the blood pressure 110 systolic and 76 diastolic. The 
patient was suffering great pain in the abdomen, exaggerated by breathing, and 
during the examination he vomited about 40 cc. of greenish fluid. He passed no 
stools during his stay in the hospital. The first examiner thought that he found 
consolidation in the lower lobe of the right lung and stated that there was no 
rigidity but extreme generalized tenderness. over the abdomen. There was an 
icteric tint to the scleras. The patient was believed to have lobar pneumonia of 
the lower lobe of the right lung and was treated accordingly. Because of the 
persistence of pain in the abdomen, he was seen by Dr. L. R. Dragstedt eight 
hours after admission. At that time it was difficult to be certain as to icterus of 
the scleras because of artificial illumination. There was no evidence of consolida- 
tion of the lower lobe of the right lung, and the abdomen revealed not only gen- 
eralized tenderness but boardlike rigidity. The pulse was imperceptible; the 
skin was cold and clammy, and the temperature was 100.4 F. A diagnosis of 
ruptured viscus and generalized peritonitis was made, and the patient was imme- 
diately prepared for exploratory laparotomy. Because of the condition of shock, 
a transfusion of 500 cc. of citrated blood with 250 cc. of physiologic solution of 
sodium chloride was given intravenously before operation, which was done at 
8 p. m. on November 8. 

Operation was performed by Dr. L. R. Dragstedt with the patient under local 
anesthesia, later supplemented by ethylene and oxygen. The abdomen was opened 
through a paramedian incision in the right upper quadrant. As soon as the peri- 
toneum was opened, a considerable amount of yellow exudate welled into the 
wound. About 200 cc. of this material was removed, a large amount coming from 
the region of the gallbladder and a large amount from the right side of the pelvis. 
The intestines were covered everywhere with exudate, and all the tissues were 
very edematous. The gallbladder was not visualized because of adhesions, and no 
perforation of other viscera was seen. The abdomen was closed with drainage. 

The patient’s blood pressure, which had been 120 systolic and 80 diastolic at 
the start of the operation, became unreadable before the end. The pulse rate 
averaged 140, and forty-five minutes after the end of the operation the blood 
pressure was 96 systolic and 80 diastolic. Caffeine with sodium benzoate, coffee 
by rectum and hypodermoclysis of 1,500 cc. of physiologic solution of sodium chlo- 
ride were given, and a Wangensteen suction apparatus was inserted. At 11:20 
p. m. the blood pressure had risen to 110 systolic and 84 diastolic, the pulse rate 
was 144 and the respiratory rate was 64. An hour later the blood pressure had 
fallen slightly, and the temperature was 104.2 F. (axillary). At 1:45 a. m. on 
November 9, the blood pressure was 100 systolic and 72 diastolic, and thereafter 
the radial pulse and blood pressure were unreadable. The patient died at 2: 45 p. m. 

The leukocyte count was 8,000 on three successive readings on the day of admis- 
sion; the hemoglobin content was 92 per cent, and the red cells numbered 5,100,000, 
on admission. Roentgen examination revealed elevation of the right half of the 


al 
h 
y 
t. 
d 
le 
1- 
al 
jog 
ary 
ire 
und 
ter 
by 
no- 
ion, 
ing 
ort 
va- 
ably 
aint 


ARCHIVES OF SURGERY 


606 


diaphragm. The Wassermann reaction was negative, and the Kahn reaction weakly 
positive. The electrocardiographic examination revealed only sinus tachycardia. 
Culture of the peritoneal exudate revealed B. coli. Anaerobic cultures were nega- 
tive (swab technic). Chemical analysis of the peritoneal fluid showed bile 
(strongly positive reaction), nonprotein nitrogen 80 mg. per hundred cubic centi- 
meters, protein 5.55 Gm., sugar 200 mg., sodium chloride 502 mg. and globulin 
120 mg.; the albumin-globulin ratio was 31. 


The gallbladder was not visualized during the operation, and from 
the clinical standpoint it is difficult to be sure of the relation of this 
case to bile peritonitis. Permission for autopsy was not obtained. The 
results of the laboratory examinations agree in many respects with 
observations on experimental bile peritonitis, such as the fall in blood 
pressure and the chemical composition of the peritoneal fluid. Although 
only 200 cc. of fluid was recovered from the abdomen and measured, 
considerable more fluid escaped on the sheets and dressings when the 
peritoneal cavity was opened and more was left behind. Even after 
making allowance for this, it is not certain that the amount of fluid pres- 


4:38 PM. 


Chart 7—Tracing showing the effect of the injection of peritoneal exudate 
(83 cc.) from a man with bile peritonitis on the blood pressure of a dog (weight, 
16 Kg.). The tracing was started at 4:38 p. m. one afternoon and ended the 
next morning. 


ent was sufficient to cause death in this patient. Perforation of a gan- 
grenous gallbladder may have been present. Anaerobic cultures of the 
peritoneal fluid remained sterile; aerobic cultures showed only B. coli. 
The effects of intravenous injection of peritoneal fluid into a dog are 
shown in chart 7. There was some accompanying slight blood concen- 
tration. The profound fall in blood pressure may be explained by the 
presence of B. coli, as Harmon and Harkins *% have shown that this 
organism is the chief vasodepressive bacterial factor present in peri- 
tonitis. 


COM MENT 


Although previous workers have been about equally divided in 
crediting toxic action and anaerobic bacterial invasion as being the chief 
lethal factors in bile peritonitis, the present work indicates that there 
must be an additional factor. Chief objections to the theory that the 
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toxic action of bile or its salts is the sole factor are the lack of absorp- 
tion into the blood stream above the concentrations found in mild 
degrees of jaundice and the fact that bile peritonitis will be fatal after 
the intraperitoneal injection of a smaller amount of bile than the mini- 
mum lethal intravenous dose. Furthermore, injection of the peritoneal 
exudate intravenously into other dogs was found to be accompanied by 
only slight changes. The chief objections to the bacterial theory will 
be presented in the second paper in this series; suffice it to say here 
that any organism that is not found frequently except in the terminal 
stages of a condition or at postmortem examination, and then not con- 
stantly, can hardly be credited with the sole etiologic role in that 
condition. For an organism to be imputed with being a major factor 
it is necessary that it be found in the early stages of a condition and 
that its growth to some extent parallel the progress of the condition. 
Although these requirements as stated in the past few sentences are far 
from being as strict as Koch’s postulates, the anaerobic organisms do 
not fulfil them in bile peritonitis. 

In a search, therefore, for a further explanation of the rapid death 
in bile peritonitis, a correlation was made between certain findings in 
bile peritonitis and recent advances in the study of experimental shock. 
The intraperitoneal injection of bile or bile salts was found to produce 
a profound lowering of blood pressure several hours after injection, 
with a marked decrease in the bleeding volume. Accompanying this fall 
in blood pressure was a marked concentration of the blood. This marked 
concentration seemed to indicate a preservation of the volume of the 
erythron and a loss of blood plasma. As the peritonitis developed, there 
was an enormous effusion of blood-stained fluid into the peritoneal 
cavity. This fluid clotted spontaneously, and chemical analysis showed 
it to be similar to blood plasma in its sugar, chloride, nonprotein nitro- 
gen and protein contents. It usually contained more albumin and less 
globulin than did the blood plasma. Accompanying the development 
of the peritonitis there was an increase in the nonprotein nitrogen (as 
to how much of this content might be due to absorbed bile salts no 
experiments were made) and a decrease in the chloride content and a 
relative proportion of the albumin in the blood plasma. This indicated 
that the blood plasma leaked markedly into the peritoneal cavity but 
that, as usually happens when there is a loss of protein in the plasma, 
the albumin escaped more easily than the globulin. 

Experiments indicated that in addition to the plasma-like fluid lost 
into the peritoneal cavity there was some loss by hemorrhage and edema 
in the exposed visceral and parietal peritoneal membranes and by hem- 
orrhage into the lumen of the bowel, with occasionally bloody diarrhea. 


Pathologic examination revealed hemorrhagic and some necrotic changes 


in the abdominal organs, especially ‘in the intestines, adrenal glands and 
mesenteric lympli glands. 
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Confirmatory evidence for the importance of these shocklike changes 
in bile peritonitis was afforded by the observation that the injection of 
bile or bile salts subcutaneously was accompanied by a tremendous local 
effusion of plasma-like fluid in amounts sufficient to account for the 
death of the animal. All of these facts indicate that the loss of blood 
plasma-like fluid into the peritoneal cavity and surrounding tissues with 
resultant secondary shock is a lethal factor of importance sufficiently 
great to warrant its recognition. 

It must be stated, however, that surgical shock may not be the only 
lethal factor in bile peritonitis. The toxic action of the bile and secon- 
dary growth of anaerobic organisms may hasten death in an animal 
already in shock. Furthermore, the loss of plasma-like fluid in certain 
of the experiments has not always been as much as would be necessary 
to account for death from that cause alone. 

The experiments on the bleeding volume showed that the average 
volume in four animals with bile peritonitis was 1.8 per cent of the 
body weight, which is 2.3 per cent less than the control value of 4.1 per 
cent found in another series of animals. Of this 2.3 per cent, 1.8 per cent 
can be accounted for by the peritoneal exudate and possibly 0.2 per 
cent by leakage of blood and plasma into the abdominal viscera. These 
interesting calculations leave little additional decrease in the bleeding 
volume to be accounted for. The slight difference might be attributed 
to a general increase in the permeability of the vascular system with 


generalized leakage of plasma if it were not that the experimental error 
of the measurements involved is too great to allow such fine distinc- 
tions to be drawn. It is quite probable, however, that the loss of plasma 
is greater than the leakage into the peritoneal cavity alone and possible 
that the factor of surgical shock in bile peritonitis is more important 
than even the amount of peritoneal fluid would indicate. 


SUMMARY AND CONCLUSIONS 


1. The two factors hitherto considered most frequently in the litera- 
ture as important in the production of death in bile peritonitis are the 
toxic action of absorbed bile and the effects of anaerobic bacteria. 


2. In the present article experimental data are presented to advance 
the view that the changes commonly found accompanying so-called 
secondary surgical shock are an important lethal factor in bile peritonitis. 

3. The mechanism of production of this surgical shock includes an 
escape of considerable amounts of plasma-like fluid into the peritoneal 
cavity with associated hemoconcentration, fall in blood pressure and 
decrease in the bleeding volume. 


4. The condition of surgical shock is not considered to be the entire 
explanation of death in experimental animals. However, the shock is of 
such a degree as to make the animal an easy victim of bacterial or toxic 
factors that would be less harmful to a normal animal. 


HISTOPATHOLOGIC STUDY IN A CASE OF PERTHES’ 
DISEASE OF TRAUMATIC ORIGIN 


GERTRAUDE PICH, M.D. 
VIENNA, AUSTRIA 


The clinical manifestations and etiology of Perthes’ disease have 
been treated in a great number of articles in the English and foreign 
literature. There is still no agreement as to the etiology. Vascular dis- 
turbance of the upper epiphysis of the femur and inflammatory and 
metabolic changes have been discussed, besides the purely traumatic 
factor. It seems, however, that trauma as an etiologic factor is coming 
more and more into the foreground. 


The pathologico-anatomic features of this lesion have not aroused 
as much interest as the clinical picture, owing to the difficulty of obtain- 
ing material. There are only a few reports on human material, most 
of the pathologic work being based on experiments on animals. There- 
fore, it will be of interest to report a case in which there was a 
definite history of trauma with a lesion of the upper epiphysis of the 
femur which corresponded in its clinical, roentgenologic and patho- 
logic manifestations to that of Perthes’ disease. 


REPORT OF A CASE 
CLINICAL DATA 


History.—The patient, a white boy of 14 years, was first seen in November 
1934, with the chief complaint of pain and stiffness in the left hip joint. Three 
years prior to this time he had been injured, when a horse on which he was riding 
stumbled and fell, pinning the patient’s left hip to the ground. The pain immedi- 
ately after injury was not severe, so the boy received no treatment but continued 
to walk with a slight limp, which persisted for two months. During the next two 
years he was apparently free from symptoms. Pain then recurred, gradually 
becoming more severe, especially after overuse of the joint, and at the time of his 
admission to the clinic a constant dull ache was present in the hip. 

The past history was essentially irrelevant. The patient’s development had 
been normal, and his general health was good. There was no familial incidence of 
tuberculosis, syphilis, diabetes or disease of the endocrine glands. 

Physical Examination.—The patient was rather tall, fairly well developed and 
apparently normal. There were no external signs of rickets. 

Left Hip: The left hip joint at rest was in flexion of 30 degrees, abduction 
of 25 degrees and slight outward rotation. From this position there was a possi- 
bility of active flexion of 70 degrees, adduction of 25 degrees and internal rotation 


From the Department of Orthopedic Surgery, the State University of Iowa 
College of Medicine; Dr. A. Steindler. 
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of 5 degrees; abduction and external rotation were absent. There was shortening 
of %-inch (0.6 cm.). Marked pain was produced by pressure in the left groin 
over the neck of the femur and by forced passive movements of the hip joint. 
Roentgenographic Examination—The roentgenogram of the proximal end of 
the left femur (fig. 1) showed a lesion similar to that of Perthes’ disease. The 
changes consisted of compression of the epiphysis, the greater part of which 
appeared as an irregular, dense shadow. There was an area of resorption of bone 
between the medial pole and the central portion of the epiphysis, below the inser- 
tion of the ligamentum teres. Corresponding to this lesion, the juxta-epiphyseal 
portion of the neck of the femur also showed an area of more circumscribed 
osteoporosis. Opposite the outer edge of the roof of the acetabulum there was 
a defect in the flattened head of the epiphysis of the femur, which separated the 


' Fig. 1—Roentgenogram of the left hip joint, showing compression of the head 
of the femur with necrosis of the epiphysis. There is a focus of resorption close 
to the insertion of the ligamentum teres and opposite the outer edge of the roof 
of the acetabulum, with preservation of the joint space. 


lateral pole of the head of the femur from the central portion. The lateral pole 
was markedly displaced over the superior surface of the neck, so that it almost 
touched the inner surface of the greater trochanter. There were practically no 
changes in the acetabulum except for osteoporosis. The joint space was of about 
riormal width, and the joint surface of the femur was fairly smooth. VA 


Operation—Because of the deformity, pain and stiffness of the joint, subtro- 
chanteric osteotomy or arthroplasty of the hip joint was considered. ‘Arthroplasty 
was performed, as it seemed to be the more promising procedure. Through a 
Smith-Peterson incision the left hip joint was exposed. The musculature over 
the hip joint was observed to be in excellent condition. The capsule was cpened 
and the head dislocated. It was misshaped, and its diameter was considerably 
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enlarged, owing to the flattening of the head, with the formation of marginal 
exostoses. There was relatively well preserved joint cartilage, except for a wide 
area Of erosion around the insertion of the ligamentum teres. The ligamentum 
teres itself was covered by thickened synovial tissue, which was hyperemic. The 
ligamentum teres was cut far down at its origin in the acetabulum. The synovial 
tissue on the inside of the joint capsule was also markedly hypertrophic and hyper- 
emic and was partially removed from the neck. The head of the femur was 
chiseled from the neck as close as possible to the epiphyseal plate, which remained 
in complete connection with the head. The operation which followed was a 
typical arthroplasty, with the removal of a fascial flap from the thigh and suture 
to the trimmed neck. Nothing was done to the acetabulum. The patient was 


Fig. 2—Photograph showing three views of the head of the femur: 4A, lateral ; 
B, from behind, and C, from above. The joint cartilage is uneven, with extensive 
erosion over the medial portion of the head. The ligamentum teres is markedly 


thickened and flattened over the eroded area. The margins of the joint are 
irregular. 


placed in a double hip spica cast, and the left leg was kept in abduction of 25 
degrees, full extension and some internal rotation. Roentgenograms taken after 
operation showed that the neck was reshaped and conelike and was well centered 
in the acetabulum with the leg in a position of abduction. 


Postoperative Course—Ten days after operation the cast was removed, and 
the left leg was placed in traction. Passive movement in the hip joint immediately 
after removal of the cast was as painless on flexion of from 18 to 145 degrees and 
abduction of 25 degrees and outward rotation of 10 degrees. Hardly any inward 
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rotation was present. Physical therapy, with use of passive and active motion, was 
started gradually. Six weeks afterward the patient was allowed to get up on 
crutches, without weight bearing, and was discharged from the clinic. Five months 
after operation the roentgenogram of the left hip joint showed essentially the same 
condition as did the film taken immediately after operation. Flexion and extension, 
as well as abduction and adduction, were free; there was some degree of external 
rotation but little internal rotation. The patient was able to bear weight on his 
left leg without pain. 


Fig. 3—Photograph (B) and roentgenogram (C) of a section of the head of 
the femur, with a drawing of the corresponding microscopic section (A). The 
medial portion of the epiphysis is regenerated, with thin joint cartilage and a 
small joint body (¢). The ligamentum teres (f) shows the formation of a pannus 
(g) over the joint cartilage. There are a subchondral fracture space, with a 
necrotic rest of the epiphysis (h) and a deep defect in the neck of the femur (i), 
opposite the outer edge of the roof of the acetabulum. 


PATHOLOGIC EXAMINATION 


Macroscopic OpservatTions.—In addition to the findings already recorded in the 
history of the operation, the following observations were made: The lateral part 
of the superior portion of the head of the femur (fig. 2) was flattened, and the 
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medial portion was steep, so that the head from the front appeared pyramidal. The 
joint cartilage was uneven, with a few small, irregular areas over the apex where 
small defects in the cart:laginous cover had healed with the formation of a fibrous 


Fig. 4—Photographs (A) and roentgenograms (B) of four sections through 
the head of the femur a section of which is shown in figure 3, demonstrating the 
marked irregularity of the epiphysis, with fragmentation at the insertion of the 
ligamentum teres. The subchondral fracture space and the waviness of the epi- 
physeal plate are evident. 
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pannus. A large defect was present medial to the ligamentum teres. The defect 
extended from the fovea to the margin of the joint surface and was covered by 
fibrous tissue and fibrous cartilage. Through a frontal plane the head was cut in 
an anterior and a posterior half. The cut surface showed marked reduction of 
the epiphyseal nucleus, which could be differentiated into a medial and a lateral 
portion. The medial portion was covered by fibrous tissue and fibrous cartilage 
only, which extended laterally beyond the fovea capitis. The bony tissue of this 
portion was not uniform, and its fibrous marrow included several irregular islands 


Fig. 5.—Photomicrograph of the necrotic portion of the capital epiphysis of 
the femur, covered above by joint cartilage, showing poor nuclear stain in the 
deep layers. The bony trabeculae possess normal strength and structure. The 
bone marrow spaces are filled with amorphous calcified detritic material, deriving 
from the near-by subchondral fracture space. 


of cartilage. The lateral portion was stained sulfur yellow and was separated 
from the medial darker portion by a sharp borderline. This portion represented 
the condition of aseptic necrosis. A line of fracture ran through the necrotic area 
just below the joint cartilage, which was relatively well preserved over this area. 
The epiphyseal plate was apparently without pathologic change. Along its entire 
length it showed a bluish line on the diaphyseal side, corresponding to the region 
of cartilaginous proliferation. 
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Microscopic OBSERVATIONS.—For purposes of detailed histologic examination 
the two halves of the head of the femur were further sectioned into several smaller 
portions (figs. 3 and 4). Each section was studied thoroughly, and the observa- 
tions were recorded and summarized so as to give a representative, composite 
picture of the process of aseptic necrosis as it occurred in this case. All the 
changes in the head of the femur as seen in these sections may be explained as 
follows: First, the original trauma led to compression of the spongy bone and 
to subsequent aseptic necrosis. Fibrous tissue invaded the involved areas in an 
attempt to resorb the dead bone. This resorption led to diminished resistance of 
the epiphyseal nucleus. Under certain mechanic stresses, such as weight bearing, 
this weakening of the bony structure in turn caused secondary traumatic changes 
in the bony tissue as well as in the joint cartilage, epiphyseal plate and synovial 
capsule. Since the bony changes were of primary importance, they will be dis- 
cussed first. The secondary changes in the joint cartilage, capsule and epiphyseal 
plate are also presented in this paper. 


Epiphysis—Necrotic Bone: Aseptic necrosis of the bony nucleus (fig. 5) as 
it appeared at the time of trauma could be seen only in the central portion. This 
relatively small central area consisted of dense spongy bone. The density of the 
bony tissue was not due to sclerosis, as the bony trabeculae in this area were of 
normal thickness and did not show any signs of bone apposition. Only on the 
epiphyseal side of the epiphyseal plate could a continuous and dense bony lamella 
be seen. This bony lamella, like the other necrotic bony trabeculae, showed 
absence of nuclear staining of the bone cells. However, in a few places close to 
the cartilage a few bone cells could be seen with good nuclear stain, which makes 
it likely that these cells had escaped necrosis. As all the other bone cells were 
withdut nuclear stain, it must be assumed that close to the epiphyseal plate bony 
trabeculae derive their nutrition by diffusion or osmosis of nutritive substances 
through the cartilaginous epiphyseal plate. 

Necrotic Bone Marrow: Like the bony trabeculae the bone marrow in 'this 
area showed complete necrosis (fig: 5). As a rule, it was impossible to make out 
any histologic detail in the structure of the necrotic bone marrow. All the marrow 
spaces were filled with amorphous detritic material and irregular bony fragments, 
derived from a fracture space which ran through the subchondral region. 

Subchondral fracture (figs. 6 and 7). It is questionable whether this sub- 
chondral fracture, which typically ran parallel to the joint surface, was caused by 
the compression fracture of the epiphysis alone or whether it developed later, 
after resorption and reorganization of necrotic bone had already taken place. Both 
possibilities must be considered. However, in such an advanced stage as that in 
the present case it is impossible to make a definite statement as to whether the 
fracture line was primary or secondary to the aseptic necrosis. This subchoridral 
fracture space, owing to the constant friction between the joint cartilage and the 
subchondral necrotic spongy bone, contained detritic material and fibrin as well as 
larger pieces of bone in connection with calcified cartilage, representing small 
sequestrums of the subchondral hard substances. At one side the subchondral 
fracture space forked into two branches, which separated a rather large wedge- 
shaped piece of necrotic spongy bone from the main necrotic portion of the epiph- 
ysis. The constant friction led to gradual disappearance of the spongy bone of 
the epiphysis and, at the same time, to accumulation of detritus in the fracture 
space. With every. increase in pressure particles of calcium-containing material 
became gradually massaged into the deeper marrow spaces until nearly all the 
marrow spaces were filled with detritic material. The marrow spaces close to 
the fracture space adjoined bony trabeculae, which showed splitting of the bony 
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lamellae and bending and torsion fractures in many instances. There the marrow 
spaces were densely filled with the same type of necrotic material as was noted 
in the subchondral fracture space; the material was also present in somewhat 
looser form in the marrow spaces close to the epiphyseal plate. In other places, 
however, some of the marrow spaces close to the epiphyseal plate still showed 
definite structure of necrotic fatty bone marrow. This picture was of great interest 
because it showed that the bone marrow at the time when aseptic necrosis of the 
head of the femur occurred was essentially fatty bone marrow. Later, after the 


Fig. 6.—Photomicrograph showing fibrous tissue extending like a pannus from 
the fovea capitis over the joint cartilage, which becomes resorbed along a sharp 
lacunar outline. There is incomplete resorption, with preservation of collagenous 
fibers, in the end of the joint cartilage. The fibrous tissue enters the epiphysis 
and extends, with organization, toward the subchondral fracture space, which on 
one side is still walled off by a rest of subchondral bony tissue. There is complete 
loss of basophilia of the joint cartilage, but no sign of necrosis. 


formation of detritus along the subchondral fracture space, the marrow spaces 
gradually became filled with the detritic material. The marrow spaces farther 
from the subchondral fracture space were the last to be filled with detritus, and 
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therefore they showed for some time the more or less normal structure of fatty 
bone marrow. Owing to this process the height of the epiphysis gradually became 
decreased. The roentgenographic shadow, however, became progressively darker 
and gave the impression of true osteosclerosis. 

Reorganization of the Epiphysis: The process of reorganization of the necrotic 
part of the epiphysis consisted in extensive bone resorption and formation of new 
bone. These two processes were not simultaneous but apparently were separated 
by quite an interval. 

Resorption of necrotic bone. The first process of reorganization was pure 
bone resorption, which started from different parts of the epiphysis. In this case 


Fig. 7—Photomicrograph showing fibrous tissue filling the defect between 
the joint cartilage and the metaphysis after removal of the necrotic bone in the 
epiphysis. The epiphyseal plate shows defect and traumatic interruption and is 
separated from the joint cartilage only by a thin layer of fibrous tissue or by the 


subchondral fracture space. There is a fibrous tissue pannus on the surface of 
the joint cartilage. 


the fibrous granulation tissue showed two sites of origin. It developed first from 
the ligamentum teres (fig. 8) and second from the epiphyseal poles (fig. 7), where 
fibrous granulation tissue derived from the diaphyseal marrow spaces entered the 
necrotic epiphysis through fractures in the epiphyseal plate or along the nutritive 
cervical arteries. The fibrous tissue which derived from the ligamentum teres 
was So rich in vessels that in some places a picture resembling that of angioma 
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resulted. This fibrous tissue grew toward the necrotic bone marrow and spongy 
bone. The borderline between the invading fibrous tissue and the necrotic area 
sometimes could be seen as a relatively sharp line, along which a great number 
of multinuclear giant cells were present. 

These cells were phagocytic elements, which resorbed the amorphous detritic 
material within the necrotic bone marrow as well as the necrotic bony trabeculae, 
which showed sharp lacunar outlines. In other places, however, more gradual 
invasion of fibrous tissue into the spaces of the necrotic bone marrow occurred, 
and the formation of fibrous tissue was preceded by invasion of a number of mono- 
nuclear cells, which advanced into the necrotic area for some distance. These 
cells were almost exclusively mobile fibrocytes, which could be seen within the 
necrotic area and possessed no collagenous fibers. Formation of fibers and multi- 


Fig. 8.—Photomicrograph showing organizing fibrous tissue in the subchondral 
zone of the head of the femur, which is removing the necrotic fragments of the 
bony trabeculae and entering the subchondral fracture space, filled with coagulated 
fibrin. The joint cartilage shows good nuclear stain. 


nuclear giant cells followed, and then granulation tissue could be seen, which 
included smaller areas of necrotic spongy bone and detritic material, surrounded 
by small granulomas with osteoclasts. These fibrocytes also had bone-resorbing 
properties, because often at the surface of the necrotic bony trabeculae, close to 
the living fibrous tissue, mononuclear cells could be seen in Howship’s lacunae. 
Leukocytes and other forms of inflammatory exudative cells were absent. ; 

From this reorganizing fibrous tissue new bone marrow developed in the epiph- 
ysis. This new bone marrow was hyperemic and edematous. Fat cells were 
more abundant in the peripheral portion, where the process was older and there 
were greater edema and lymphocytic infiltration close to the area of necrosis, 
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where the process was younger and resorption and reorganization were still more 
active. Besides lymphocytic infiltration a number of large protoplasmic cells, 
loaded with yellowish pigment granules, could be seen. These cells were evidently 
phagocytic histiocytes, which resorbed blood pigment after hemorrhage. In places 
where the process of reorganization was more advanced the bone marrow changed 
from fibrous to fatty bone marrow. , 

The process of reorganization at the margins was essentially the same as 
that at the fovea, which derived from the ligamentum teres. However, the process 
at the margins was more rapid, and led to earlier resorption of necrotic tissue 
than the process derived from the ligamentum teres. 


oy 


Fig. 9.—Photomicrograph showing the epiphyseal plate, the diaphyseal side of 
which displays normal enchondral ossification. The epiphyseal side has marked 
irregularity of outline and structure and to the right is covered by a newly formed 
bony lamella, with hyperemic organizing fibrous tissue. To the left the old bony 
lamella shows signs of traumatization, with necrosis of the bony tissue and bone 
marrow. There are beginning invasion of the areas of interruption by fibrous 
tissue and fissures, filled with a fibrinoid substance, in the cartilaginous substance 
of the epiphyseal plate. 


There was, in addition, a third site where resorption of the necrotic bony 
trabeculae of the epiphysis took place, but in a considerably less degree. This area 
was in the marrow spaces close to the epiphyseal plate (fig. 9), and became invaded 
by mononuclear cells of the fibrocytic type (derived from the epiphyseal plate), 
which led to some lacunar resorption of the necrotic bone. 
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To recapitulate: The loss of necrotic epiphyseal substance occurred in three 
ways: (1) the cellular resorption of necrotic bone and bone marrow by mononu- 
clear and multinuclear cells at the margins of the organizing fibrous tissue; (2) 
the loss of substance by friction along the subchondral fracture space, forming a 
detritus which became massaged into the marrow spaces of the necrotic epiphysis, 
and (3) as will be explained later, the loss of this detritic material from the sub- 
chondral fracture space as it passed through fissures of the joint cartilage into 
the joint cavity. 

New bone formation (figs. 8 and 10).—The second stage in the process of 
reorganization was the formation of new bone and bone marrow on the basis of 
the invading fibrous granulation tissue. Most of the new bone formed, rather 
peculiarly, along the epiphyseal side of the epiphyseal plate and the lower surface 
of the joint cartilage. Thus, there developed in the epiphysis a defect filled with 


Fig. 10—Photomicrograph showing regeneration of bone, in an attempt to 
fill the bony defect in the region of the fovea capitis. The young fibrous bone 
tissue has the appearance of endosteal osteophytes, with osteoid layers and osteo- 
blasts. 


fibrous tissue and surrounded below and medially by relatively dense bony tissue. 
This process of bone production was still active and could be observed in its earliest 
stages near the fovea capitis. There a relatively dense mass of bony tissue, like 
a tongue, extended along the inferior surface of the joint cartilage toward the 
insertion of the ligamentum teres. Its bony trabeculae were composed of primitive 
fibrous bone and lamellar bone tissue. The latter tissue was observed typically at 
the trabecular surface. This suggests that the bone was primarily of the primitive 
fibrous type, followed by osteoblastic bone apposition at the surface of the fibrous 
bone. 

However, the new bone production appeared partly as a kind of callus forma- 
tion, in which cartilaginous and bony tissue developed simultaneously on the basis 


7 

4 


ae wen ex 


PICH—PERTHES’ DISEASE OF TRAUMATIC ORIGIN 621 


of fibrous tissue or cartilaginous tissue underwent enchondral ossification, with 
formation of irregular primitive spongiosa. This spongiosa was composed of 
trabeculae, showing many blue, often irregular lines of cement and apposition, 
indicating active bone formation. Where this tonguelike bony mass bordered on 
the fibrous tissue, filling the defect of the epiphysis under the fovea capitis, the 
new bone formation was arranged as radial spicules, with wide osteoid layers and 
incomplete calcification. This picture corresponded to the formation of periosteal 
and endosteal osteophytes. These new-formed bony trabeculae rapidly became 
transformed by osteoclastic resorption and osteoblastic bone apposition to more 
mature lamellar bone, with more static arrangement of the bony trabeculae. The 
density of the newly formed bone rapidly decreased in its older layers, owing to 
osteoclastic resorption, and the entire bone formation was gradually changed to 
porotic spongy bone, which was observed to fill the epiphyseal poles. 

The question arose as to whether the aseptic necrosis caused by the compression 
of the head of the femur had involved the entire epiphysis or whether the marginal 
portions had escaped necrosis. The whole area of the medial as well as the lateral 
pole showed living bony tissue and living bone marrow. This living bony tissue 
must be considered to be of secondary development, following removal of the 
necrotic bone. This assumption was well borne out by observations in the region 
of the medial pole, the deformity of which was so marked that the bone must have 
undergone necrosis. The bony epiphysis in this area was of such negligible height 
that the joint cartilage was separated from the epiphyseal plate by two or three 
marrow spaces only. The process of reorganization must have started, therefore, 
in the epiphyseal poles, gradually proceeding toward the center of the epiphysis. 
It is of interest to note that the process of new bone formation was relatively slow 
in the restored areas. However, in the zone where bony tissue bordered on the 
reorganizing fibrous tissue there was relatively advanced bone sclerosis. This 
was true in the region of the fovea capitis as well as in the area between the 
lateral pole and the center. 

The newly formed bone which lay along the epiphyseal side of the epiphyseal 
plate showed an interesting character. As the organizing fibrous tissue reached 
this side of the epiphyseal plate and removed the necrotic bony lamella, a new 
plate, primitive in form, was again apposed to the cartilaginous surface. This can 
also be interpreted as an attempt at restitution, which corresponds well with the 
continuous bony lamella on the epiphyseal side of a normal epiphyseal plate. The 
new bony lamella was of irregular structure and course and often still included 
portions of old necrotic bone. Some places in this area revealed new bone, which 
was formed on the surface of old necrotic bony trabeculae. In this way it is 
possible that the calcium content of the necrotic trabeculae was used to build new 
bone. 

Cartilaginous islands (figs. 5 and 7). Islands of cartilage were observed 
frequently, varying in size from small cell groups to large masses of cartilaginous 
tissue, in different portions of the epiphysis as well as in the diaphysis, where 
they lay between the bony trabeculae. These islands resembled each other in 
the complexity of their relationship to the neighboring tissues. On one side the 
island might gradually blend into the fibrous tissue; on another it might show 
condensed collagenous fibers, resembling perichondrium, and on still another 
border preparatory calcification and irregular atypical enchondral ossification 
(usually lacking the zone of proliferation of cartilaginous cells) might be observed. 
In other places lacunar resorption by multinuclear chondroclasts occurred, as 
well as incomplete resorption by fibrous tissue. In some areas, however, there was 
gradual blending of cartilage into primitive fibrous bone. But since there was 
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no definite proof of such metaplasia, it is probably safer to assume that the con- 
nection of cartilage and bony tissue was local and not genetic; that is, cartilage 
and bone tissue had formed on a common fibrous tissue matrix. 

Although the appearance of these cartilaginous islands and their relation to 
the adjacent tissue were similar, they differed as to origin. One group was of 
traumatic origin, due to proliferation of displaced fragments arising from the 
joint cartilage or the epiphyseal plate or to herniation of the cartilaginous tissue 
of the epiphyseal plate into the neighboring marrow spaces. These prolapses 
later might become separated from the epiphyseal plate and thus form isolated 
cartilaginous masses. A second group of islands was derived from callus for- 
mation in the fibrous granulation tissue. In a third group the appearance may 
be explained on the basis of static-mechanical irritation as follows: Owing to 
extensive resorption of necrotic spongy bone in a given area, the joint cartilage, 
which was deprived of solid support, deviated toward the epiphysis and exerted 
pressure on the fibrous tissue filling the defect. The central younger portion 
of this fibrous tissue was rich in vessels and therefore resembled a sponge; thus 
it easily resisted pressure. Increase of pressure merely led to expression of blood 
from the vessels and prevented refilling. By this mechanism fibrous tissue could 
easily escape damage from pressure. However, the older fibrous tissue at the 
periphery at that time was not rich in vessels, and where it glided over the bony 
tissue several islands of cartilaginous tissue developed, due to the mechanical 
irritation of the fibrous tissue. The investigations of Roux indicated that this 
kind of gliding motion represents a functional stimulus to the formation of 
cartilaginous from fibrous tissue. That the fibrous tissue is the basis of this 
cartilage was proved by the presence of blood vessels, which were included in this 
type of new primitive cartilage. 

A relatively large island of cartilage lay close to the epiphyseal plate, where 
it showed distinct evidence of traumatization. Therefore, it is likely that this 
island also derived from the epiphyseal plate, owing to trauma, and later started 
to proliferate and become ossified through the activity of the surrounding fibrous 
tissue. These explanations are more logical than the assumption that disturbance 
in ossification led to the formation of several bony nuclei in the epiphysis of the 
femur, which frequently has been pointed out as an explanation of the stage of 
fragmentation characteristic of Perthes’ disease. 


Joint Cartilage —The changes in the joint cartilage were so pronounced that in 
no place could a normal picture be seen. It was evident from the histologic picture 
that the changes in the cartilage were secondary to the bony alterations in the 
epiphysis. For this reason the disturbance of the joint cartilage over the lateral 
pole of the head of the femur differed from that over the medial part. In the 
upper part of the lateral portion the joint cartilage was mainly separated from 
the necrotic bone by the subchondral fracture space (fig. 6). In this area all 
the changes in the joint cartilage, except for slight resorption under a fibrous 
tissue pannus, can be explained by either primary or secondary traumatic damage 
to the cartilaginous tissue. 

The cartilaginous cover over the medial portion of the head of the femur 
(fig. 11) showed a different picture, due to the advanced stage of the process 
of reorganization in this part of the epiphysis. The difference in degree of the 
pathologic changes was also due to a functional moment, in the sense that the 
lateral portion was under more static-mechanical irritation than the medial 
portion. Both portions, however, showed considerable unevenness in the course 
of the joint cartilage, due to the irregularity of the bony epiphysis following 
fracture and reorganization. 
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A fibrous tissue pannus (figs. 6, 7 and 11), which developed from the liga- 
mentum teres and the synovial tissue at the margins of the joint, covered the 
entire head, except for a small area laterally. The pannus tissue at the medial 
side was looser and richer in vessels than that on the lateral side. Correspond- 
ingly, the resorption of cartilage was more marked on the medial than on the 
lateral side. This difference may also have been due to the inequality in weight 
bearing of the two portions of the femoral head. 

Lateral Part of the Joint Cartilage: The lateral part was composed almost 
entirely of old hyaline cartilage, with cartilaginous cells which possessed good 


Fig. 11.—Photomicrograph showing formation of joint cartilage over the medial 
portion of the head of the femur close to the fovea capitis. The old hyaline joint 
cartilage is fairly well preserved only in the deeper layers. The superficial layers 
of newly formed primitive cellular cartilage are covered by a fibrous tissue pannus 
resembling perichondrium. The subchondral bone is regenerated, with hyperemic 
fatty bone marrow. 


nuclear stain but with no signs of normal structure, such as a gliding or pressure 
layer (figs. 6 and 7). The cartilage was of varied thickness, owing to the degree 
of cartilage resorption from below. As already mentioned, a subchondral frac- 
ture space ran through the spongy bone of the epiphysis, separating the joint 
cartilage from the bone except for a short distance, where subchondral spongy 
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bone remained in connection with the joint cartilage. For the greater part. 
however, the upper wall of the fracture space was observed to be formed of 
noncalcified cartilage. In the small area where bone was still in connection with 
the joint cartilage, the zone of calcification could be easily made out. However, 
all the cartilaginous cells in this zone of calcification and all the spongy bone 
trabeculae which originated from the lower surface of the cartilage lacked 
nuclear stain. They as well as the bone marrow cells were necrotic. The necrosis 
extended into the noncalcified layer of the joint cartilage for a depth of from 
about three to four layers of cartilaginous cells, whereas all the other portions 
of the noncalcified cartilage showed good cellular stain. This proved definitely 
that joint cartilage for the most part obtains its nutrition by diffusion and osmosis 
of synovial fluid; only the deepest layers of the noncalcified and the calcified 
cartilage depend on nutrition from the vessels of the bone marrow. 

In the area where joint cartilage was still in connection with subchondral bone, 
thinning from below could not take place, and the joint cartilage was of normal 
thickness. However, as soon as the subchondral bone was worn off, owing to 
friction along the fracture surface and noncalcified cartilage borders of the 
fracture space, thinning could occur. The hyaline cartilage was impregnated with 
fibrinoid material, which was recognized as a dark red substance within the 
superficial layers of the cartilaginous tissue. Irregularities, such as fringes or 
villi, could also be seen on the lower surface of the joint cartilage, which in 
some places had a brushlike appearance, due to exposure of the collagenous 
fibrils, which were previously hidden by the ground substance. In other areas 
the lower surface was ragged and showed many small fissures and tears, which 
were also impregnated with fibrinoid substance. These fissures were almost all 
radial, corresponding to the preformed radial structure of this layer of joint 
cartilage. This process of thinning of the joint cartilage from below was so 
advanced in some parts that only a few layers of cartilaginous tissue remained. 
In some areas the process had led to complete interruption of the joint cartilage, 
with formation of irregular holes. The irregular cartilaginous ends facing 
the holes also showed fibrillation, impregnation with fibrinoid substance and partial 
necrosis. A few living cell groups showed proliferation of inconsiderable degree. 

The observation of necrosis of cartilaginous cell groups close to the fibrinoid 
layer was constant. It was clear that this necrosis in the superficial layers of 
the joint cartilage was of different origin than the necrosis observed in the deepest 
layers, which remained in connection with subchondral bone. The necrosis in 
the superficial layers was not due to lack of nutrition, because fluid can easily 
reach. this level of cartilaginous cells. Necrosis was only partial, and normal 
cell groups could be seen among the necrotic groups. The necrosis of cartilaginous 
cells in the superficial layers was striking, and as it could not be seen in any 
other part of the joint cartilage, it was probably due to traumatic damage 
of the joint cartilage. 

The decrease in thickness was caused by simple wearing off of cartilaginous 
substance by the constant friction of the joint cartilage on the underlying 
necrotic epiphyseal spongy bone. Active resorption in the sense of a cellular 
process was impossible in this area, as no living tissue was present to sustain 
the process. Further proof that only mechanical factors were responsible for 
the marked unevenness of the joint cartilage on its lower surface was established 
by the observation that where the joint cartilage was in intimate contact with 
the epiphyseal plate, permitting two soft tissues to move against each other, the 
lower surface of the joint cartilage was smooth. This contact between the joint 
cartilage and the epiphyseal plate was brought about by the entire removal 
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of the necrotic epiphyseal bone in this area. There, too, the thickness of the 
joint cartilage was diminished, but this thinning went back to the time when 
joint cartilage still moved against the underlying bone. As soon as the entire 
epiphyseal spongy bone disappeared, friction continued between the joint cartilage 
and the cartilage of the epiphyseal plate, but without much traumatization; thus, 
the process of thinning the joint cartilage came to a standstill. 

Near the lateral pole occurred complete interruption of the joint cartilage, 
but there the defect was due not to gradual thinning, but, more probably, to 
fracture. This area in the roentgenogram corresponded to the outer edge of 
the roof of the acetabulum, which at the time of trauma probably caused this 
fracture. There, too, a part of the joint cartilage was displaced toward the 
epiphysis. The ends of the joint cartilage showed again a great number of . 
necrotic cartilaginous cells, which appeared as empty holes in the hyaline ground 
substance. At the ends of the fracture there was proliferation of cartilaginous 
cells—an attempt at regeneration—which was not sufficient to bridge the defect 
in the joint cartilage. At some distance from the fracture space formation of 
typical primitive hyaline cartilage had taken place along the upper and lower 
surfaces of the joint cartilage. The defect itself was filled with well vascularized 
fibrous tissue, which extended into the ends of the cartilaginous fragments 
and led to their partial resorption. Small strips and bridges of hyaline cartilage 
remained included in the hyperemic fibrous tissue, which progressively invaded 
the cartilaginous substance. The picture just described is typical of the healing 
of fracture in joint cartilage. Experimental observations and a few histologic 
studies of human material after intra-articular fracture have demonstrated that 
fracture of joint cartilage never heals by restitutio ad integrum but that the repair 
takes place by means of fibrous tissue, with some cartilaginous proliferation at 
the ends of the fragments. 

Medial Part of the Joint Cartilage (fig. 11): On the medial side of the 
joint cartilage, where a large defect was observed on gross inspection, the 
cartilaginous cover was of less than normal thickness. This marked thinning 
was partially due to resorption from below, without adequate proliferation of 
cartilaginous cells. However, this process was insignificant as compared with the 
resorption of cartilaginous tissue from above by the fibrous tissue pannus. 

Incomplete resorption of cartilage. This type of resorption is characteristic 
of cartilaginous tissue and was described by Weichselbaum and Pommer. The 
process consisted of cellular activity which removed the ground substance of the 
old hyaline cartilage but preserved the collagenous fibers. These fibers appeared 
only after resorption of the hyaline ground substance and were utilized for the 
formation of the fibrous tissue pannus; thus, an intimate connection existed 
between the fibrous tissue and the cartilage. At the same time the cartilaginous 
cell groups opened, and the cartilaginous cells started to proliferate, owing to 
the better nutrition under the fibrous tissue pannus, and ultimately changed 
into fibrocytes. The margin of the fibrous tissue pannus along which most of 
these changes took place usually presented a sharp lacunar or somewhat wavy 
outline. The lacunae were filled with rather cellular fibrous tissue, which included 
a few multinuclear chondroclasts. Where fibrous granulation tissue of the 
epiphysis invaded the joint cartilage from below, producing incomplete cartilagi- 
nous resorption, some marginal areas showed a sharp lacunar outline, along 
which the cartilaginous ground substance disappeared. In other places, however, 
the disappearance and fading of cartilaginous ground substance into fibrous tissue 
was more gradual. Where the resorption of the joint cartilage at the site of 
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the pannus had advanced into the deeper layers of noncalcified cartilage, the 
lacunar defects became refilled with a more primitive type of hyaline cartilage, 
which differed sharply from the old cartilage. 

The new primitive hyaline cartilage, which was of embryonic character, was 
rich in cells, irregularly distributed and only occasionally accumulated in large 
cell groups. The cells were small, resembling fibrocytes and even myxomatous 
cells, a picture frequently seen in embryonic cartilaginous tissue. The ground 
substance had a watery, clear blue appearance. This new cartilage was as yet 
devoid of functional structure in the sense of a superficial gliding and a deep 
pressure layer. The presence of vessels in the new primitive cartilage indicated 
that this cartilaginous tissue had developed on the basis of preformed fibrous tissue. 

The transition from the mature old hyaline cartilage to the more primitive 
new cartilage was gradual in some parts, and in other p‘aces the differentiation 
was rather sharply lacunar, resembling the borderline between the fibrous tissue 
pannus and the old cartilage. In this area it was evident that the new primitive 
cartilage derived in part from the process of incomplete resorption of the old 
hyaline cartilage. The collagenous fibers ran directly from the hyaline ground 
substance of the old cartilage into the matrix of the new cartilage. Small strips 
of living old cartilage, which had thus far escaped resorption, were seen in the 
new primitive hyaline cartilage. 

These changes were especially marked at the margins of the joint. There was 
a bony exostosis, covered by a relatively thick layer of young primitive hyaline 
cartilage, the appearance of which was similar to the newly formed cartilage seen 
at the site of the defect of the old cartilage near the joint surface. Closer to the 
margins this new cartilage was still of a fibrous nature and included a number 
of vessels. The new cartilage was also covered by a pannus of fibrous tissue. 
The marked marginal proliferation and the quiescence of the joint cartilage over 
the free joint surface can be explained by the fact that under normal condi- 
tions the cartilaginous cells at the margins of the joint were observed to be more 
active. Some authors call this region the zone of cartilaginous proliferation, from 
which the joint cartilage grows. This supposition is supported by the fact that 
similar changes had taken place at the margin of the joint cartilage near the 
ligamentum teres. This area corresponds to the joint margin around the fovea 
capitis. 

Besides the considerable formation of new cartilage around the ligamentum 
teres there was an area where, owing to incomplete cartilaginous resorption, the 
entire thickness of the old joint cartilage had been removed to the zone of pro- 
visory calcification. However, the fibrous tissue pannus had changed to primitive 
hyaline carftlage, which filled the defect. In another area near the fovea capitis 
the old joint cartilage had been removed entirely, but no new cartilage formation 
had taken place. Therefore, the surface of the head was covered in this region 
by only a thin layer of pannus tissue, in the deeper layers of which a few carti- 
laginous cells had developed in some places. The connection of this fibrous tissue 
with the underlying bony tissue was of periosteal type. Relatively primitive 
fibrous bone could be seen at the surface, and the fibers of the pannus were inserted 
into the fibrous bone like Sharpey’s fibers. 

The remaining thinned old joint cartilage was living tissue. The cartilaginous 
cells were irregularly distributed; many of their capsules showed a strong oxy- 
philic stain, and often oxyphilic granules were present within the cell protoplasm. 
This process apparently represented a form of cellular degeneration, for often 
retrogressive changes were observed in the nuclei of these cells, frequently leading 
to complete disappearance. 
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The thinning of this medial part of the joint cartilage, however, was not due 
entirely to resorption from above. Following reorganization of the medial portion 
of the epiphysis, living bone marrow was again formed on the lower surface of 
the joint cartilage, and more or less normal conditions were reestablished, so far 
as a bony lamella was present along the calcified deeper layers of the joint car- 
tilage. The enchondral ossification of the new joint cartilage was a little more 
extensive but was slightly irregular and led to formation of porotic spongy bone. 

If one proceeds from the joint margin along the joint surface one observes 
three types of thinning of the joint cartilage from below: (1) disappearance of 
cartilage by enchondral ossification; (2) wearing off of cartilaginous tissue due 
to friction, and (3) thinning by fibrous granulation tissue, due to the process of 
incomplete resorption of cartilage. 

Arthritis deformans. In the old joint cartilage it was often noted that as the 
layers of calcified cartilage were removed bone marrow continued to advance into 
the noncalcified cartilage. Later, the cartilaginous layers over the bone marrow 
became calcified again and formed a thin, irregular bony lamella. By this gradual 
progression of the bone marrow into the noncalcified cartilage, however, more 
and more substance of the joint cartilage disappeared, owing to the iack of car- 
tilaginous proliferation. This invasion of the joint cartilage by marrow spaces, 
followed by enchondral ossification, which resulted in thinning and even in disap- 
pearance of the joint cartilage, must be considered as a pathologic process. Under 
normal conditions in a growing person, some invasion of the joint cartilage occurs 
from below, corresponding to the small amount of enchondral ossification in the 
area shown in these sections. However, the normal process is more regular and 
does not lead to the steplike invasion of marrow spaces into the joint cartilage. 

Under pathologic conditions, such as arthritis deformans, invasion of bone 
marrow into the joint cartilage occurs as a response of the bone marrow to degen- 
erative changes in the joint cartilage. From the presence of the oxyphilic cell 
capsules and granules in the area of joint cartilage shown in these sections it is 
reasonable to assume that the joint cartilage was damaged. Therefore, the invasion 
from below may be considered to be a sign of juvenile arthritis deformans. 

In addition, changes corresponding to the picture of arthritis deformans were 
observed in the form of joint bodies and marginal exostoses. A small bony body 
of this type could easily be seen on the lateral part of the joint margin on gross 
inspection. It lay within the fibrous tissue pannus and had wide marrow spaces, 
which were filled with fatty bone marrow. The peripheral portion of this body 
showed a bony layer of lamellar bone tissue on the outer surface, which gradually 
blended into fibrous osteoid tissue and the fibrous tissue of the pannus. At one 
end the bony tissue blended into fibrous cartilaginous tissue. This body developed 
directly in the pannus of the joint margin. 

Marginal exostoses were also observed around the whole head. They were 
somewhat larger on the lateral than on the medial side. They consisted of thin 
irregular bony trabeculae lying in fatty bone marrow. At their surfaces new 
hyaline cartilage had formed, covered by a pannus of fibrous tissue. 

On the lateral side of the head changes were observed similar to those seen 
in association with arthritis deformans. The superficial cartilaginous layers were 
frequently impregnated with fibrinoid substances. This is always a sign of mal- 
treatment of soft tissue and noncalcified cartilage. This condition frequently can 
be noted in synovial villi in cases of hypertrophic arthritis. Irregularities in the 
sense of fringes, villi or fibrillation at the lower surface of the joint cartilage, 
such as are commonly seen in the similar process of wearing off of cartilaginous 
substance in cases of hypertrophic arthritis, were absent. Therefore, the impres- 
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sion was obtained that the hyaline cartilage had preserved a normal amount of 
elasticity, which prevented fibrillation and degenerative changes in the ground 
substance. 

In primary arthritis deformans the first histologic changes are expected to occur 
in the superficial layers, where the degenerative changes of fibrillation and fissur- 
ing of cartilaginous cells take place typically. In the case reported in this paper 
the superficial layers showed few changes beside resorption by the fibrous tissue 
pannus. Despite the fact that considerable deformity of the head of the femur 
had taken place and the joint cartilage showed many changes, no lesion charac- 
teristic of idiopathic arthritis deformans was present, but all the changes must 
be considered to be secondary. 


Synovial Tissue-——The arthritic changes in the synovial tissue can be explained 
on a basis similar to that of the changes in the other structures. The ligamentum 
teres (fig. 6) represents a strong ligament, made up of fibrous tissue with a few 
fat cells in the interstitial spaces. The superficial layers had the characteristic 
appearance of synovial tissue, even to an endothelial cellular layer. The ligament 
conducted a great number of vessels, some of which showed perivascular round 
cell infiltration. At the insertion of the ligamentum teres marked structural 
irregularity was present, mainly due to the advanced stage of bone regeneration. 
From the synovial cover of the ligamentum teres a fibrous tissue pannus spread 
over the joint surface, and in some places it joined another pannus, which derived 
from the synovial tissue of the joint margin. The synovial pannus showed inflam- 
matory changes similar to those described as present in the ligamentum teres. 
These changes were characteristic of hyperplastic synovitis, but in this region also 
there was nothing to suggest real arthritis. 

Some of these arthritic symptoms may be explained on the basis of synovial 
irritation, caused by the escape of detritic material from the subchondral fracture 
space into the joint cavity through small fracture holes in the joint cartilage. This 
irritation of the joint capsule was capable of causing pain. The little particles 
which floated in the synovial fluid were easily resorbed from the synovial tissue 
and either disappeared or became deposited in the synovial membrane, where they 
often remained for some time, without reaction. 


Epiphyseal Plate—The changes in the epiphyseal plate, which were similar to 
those in the joint cartilage, were due in part to the primary trauma and in part 
to secondary trauma, resulting from lack of support of the epiphyseal plate at 
the time when the necrotic bony tissue of the epiphyseal plate was substituted by 
fibrous tissue. 

Fissures and tears of the epiphyseal plate were frequently observed, filled with 
fibrinoid substances, which also impregnated the margins of the fissures. In some 
places the epiphyseal marrow spaces close to the epiphyseal plate were filled with 
primitive hyaline cartilage, which represented herniations of the cartilaginous tissue 
of the epiphyseal plate. Some marrow spaces of the necrotic part of the epiphysis, 
however, were filled with fibrous tissue, which could be explained on the basis 
of the immigration of fibroblasts from the diaphysis through the fissures of the 
epiphyseal plate. 

Besides the marked waviness of the epiphyseal plate, which still may be con- 
sidered to be normal, there were severe traumatic changes near the medial as well 
as the lateral pole. Several complete interruptions were observed, with formation 
of a number of smaller fragments (fig. 7). Similar to the condition in the joint 
cartilage, there was no regeneration of cartilaginous tissue but only scar formation. 
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In the lateral part, where the epiphyseal plate was absent for some distance, 
fibrous tissue, derived from the diaphyseal marrow spaces, filled this defect and 
continued to grow further into the epiphysis. 


Neck of the Femur.—The neck of the femur in the area just described showed 
entirely a pathologic structure. Owing to the lack of the epiphyseal plate no 
primary spongiosa could be seen in this area. This large defect in the diaphysis 
was filled with an irregular network of fibrous bony trabeculae in the fibrous tissue 
stage of bone formation. The trabeculae lay within loose fibrous bone marrow, 
which was connected with the fibrous tissue of the epiphysis. There was no doubt 
that the condensation of bony tissue around the defect was due to the pressure 
exerted on this area by the outer edge of the roof of the acetabulum. On the 
whole this area of spongy bone was cut off sharply at the level which corresponded 
to the junction of the cartilaginous plate and the spongy bone of the metaphysis. 
The whole picture was one of scar formation. The bony tissue, although still 
irregular, indicated a tendency to complete restoration. 

The partial destruction of the epiphyseal plate led to early synostosis between 
the epiphysis and the diaphysis in this area and would certainly have caused dis- 
turbance in growth. This change, in a slightly more advanced stage, could be 
seen on the medial side, where, as mentioned before, complete fracture of the 
epiphyseal plate had also occurred. At this point the marrow spaces of the epiph- 
ysis and those of the metaphysis communicated with each other; new bone tissue, 
in the form of rather thick bony trabeculae, ran continuously from the epiphysis 
into the metaphysis, filling the defect in the area of interruption. 


CONCLUSION 


The purpose in this article was to describe a case in which severe 
trauma to the hip joint was followed by changes in the upper epiphysis 
of the femur which clinically, roentgenologically and histologically resem- 
bled those of Perthes’ disease to the minutest detail. Only one point 
does not quite fit into the typical picture of Perthes’ disease, namely, 
the patient’s age—13 years—at the time of trauma. In most cases 
Perthes’ disease occurs between the ages of 5 and 7 years. 

This case, however, was also of interest because of the marked 
arthritic changes of degenerative and traumatic nature which developed 
after the injury. These alterations were caused by the deformation of 
the head of the femur and by secondary trauma as a result of continued 
weight bearing and joint movements. 

These observations, therefore, speak in favor of the traumatic etiol- 
ogy of Perthes’ disease. Since, however, a history of severe trauma 
is not found in all cases of Perthes’ disease, one must consider that 
frequently repeated minor traumas, such as occur in daily life, may 
also cause aseptic necrosis of the epiphysis, with insidious clinical onset. 
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AN INVESTIGATION INTO WIRING OF THE 
SPINOUS PROCESSES AS A MEANS OF 
INTERNAL SPINAL FIXATION 


ARTHUR D. KURTZ, M.D. 
AND 
MORRIS T. HORWITZ, M.D. 
PHILADELPHIA 


The three great needs to be recognized in the treatment of tuber- 
culosis of the spine are: first, support of the superincumbent weight, 
namely, that of the head, shoulders and arms, away from the carious 
and softened vertebral bodies ; second, some form of posterior leverage 
to throw the weight of the upper part of the body on the posterior 
and lateral aspects of the spine, and third, some form of fixation until 
ankylosis has occurred so that arrest of the disease and healing may 
ensue. 

The aim of curative measures is to secure ankylosis, for in, its 
absence there is no certainty that relapse may not occur. The choice 
of method today lies between nonoperative measures (external splint- 
ing) and operative procedures (internal splinting). 

While it is true that under favorable conditions by the use of con- 
servative measures, such as the convex frame for the recumbent patient, 
or the plaster-of-paris jacket, the steel spinal brace or some modifica- 
tion for the ambulatory patient, deformity at times is prevented and 
lessened, nevertheless mechanical treatment is admittedly a tedious 
and difficult procedure, and occasionally a quite ineffective one, because 
of the difficulty or impossibility of securing absolute immobility in 
certain regions. 

These insufficiencies, along with the burdensome care required for 
casts and braces over an indefinite period for the arrest of the diseased 
process, prompted the search for some method of internal fixation which 
not only would meet the necessary mechanical requirements but would 
shorten the duration of the disease, promote healing and remove the 
inconvenience of prolonged external fixation. 

It would appear that the first operation for this purpose was sug- 
gested in 1891 by Hadra, who proposed wiring of the spinous processes 
in cases of Pott’s disease, after the successful use of this method in a 
case of vertebral fracture. He described his procedure as follows: 


The large muscles on either side are longitudinally incised and retracted. Then 
with a strong curved needle carry silver wire through the interspinous spaces 


From the Department of Orthopedic Surgery, Jefferson Medical College. 
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above and below the spinous processes to be wired, in a figure-of-eight fashion, 
as often as is desired, and fasten the ends by twisting. 


In 1896 Calot endorsed Hadra’s views and recommended his pro- 
cedure after forcible rigid correction by a method which was elaborated 
by himself and widely tried out but which was short lived because of 
the attendant high mortality. 

A similar and more comprehensive operation, in that the deformity 
was first corrected and the adjacent spinous processes denuded and 
bound together by silver wire, was described by Chipault in 1893, and 
again in 1900, when he reported successful treatment by his method 
in a case of tuberculosis of the seventh dorsal vertebra. with compression 
of the spinal cord and resultant paraplegia in a child 4% years of age. 
He contended at that time that metallic agents of fixation not only acted 
mechanically but also excited periosteal proliferation and thus stimu- 
lated ankylosis of the posterior part of the spine. 

Lange in 1902 implanted steel wire on each side of the spinous 
processes with apparent success until the movements of the spine 
caused a protrusion of the wire ends through the skin and they had 
to be removed. After much research, he found tin-plated steel to be 
the best material. In 1908 he operated successfully on a boy of 12 
years and reported the case two years later. The disease was at about 
the tenth dorsal vertebra, and the splints were of heavily tin-plated 
steel wire, 10 cm. long and 5 mm. thick. Incisions were made through 
the skin and fascia which corresponded to the upper and the lower end 
of the splints; the splints were then inserted beneath the muscles on 
either side of the diseased vertebra and the bulbous ends attached to 
the spinous processes by silk. After the external support was removed, 
the patient went to work as a blacksmith’s helper, the metal plates 
remaining in situ and holding the diseased section of the spine securely. 

Internal fixation by bony ankylosis, surgically produced, was first 
realized and reported by Albee, on May 15, 1911, when he suggested 
a method of spinal fusion. This was followed by a report of Hibbs 
on May 27, 1911, on the successful use of spinal fusion. In September 
of the same year Albee reported the bone graft procedure that now 
bears his name. He stated: 

A bone graft is far superior to an internal metal splint, because by following 
Wolff's Law it will become thicker and stronger if necessary to hold the weight 
and strain brought upon it, whereas in the case of an internal metal splint, no 


dependence can be placed on it to hold the weight or strain, because of bone 
atrophy and absorption which takes place directly around the metal. 


The report of the commission to investigate the results of operations 
on the spine for ankylosis and the many reports by individual workers 
(for which see bibliography) have attested the indisputable value of 
these methods. 


d 
iS 
e 
n 
d 
h 
d 
> 
a 
en 
es 


632 ARCHIVES OF SURGERY 


Throughout this entire period, the only report on internal fixation 
of the spine by metal is that of Lange in 1927, who recorded the results 
in fifty-two cases of Pott’s disease. In all but five successful fixation 
was obtained by the use of celluloid splints, from 10 to 30 cm. in 
length, depending on the length of the area to be fixed, which were 
curved carefully to fit the kyphos deformity, the splints being placed 
on both sides of the spinous processes and held in place by double loops 
of silk. The results in five cases were unsuccessful owing to failure to 
fit the splint to the gibbus, so that the ends broke through the skin and 
had to be removed. 

Lange reported the successful use, since 1924, of rust-proof steel 
splints fixed to the spinous processes by steel wire. 

The applicability of the methods of Albee and Hibbs are undeniable. 
Posterior spinal fixation is indicated when either injury or disease has 
caused or is causing destruction of one or more vertebrae. Since it 
acts only by leverage and stabilization and does not of itself remove 
disease tissue, it is in the nature of a splintage. 

Procedures to obtain fusion of the bone must be supplemented by 
efficient external fixation and support until firm ankylosis occurs. 

The ideal method must provide immediate fixation, for until this 
occurs, motion of the diseased parts, as due to respiratory or abdominal 
excursions, cannot be eliminated. 

Perhaps this might be anticipated by the metallic binding of the 
spinous processes by wiring, much as in the method suggested by 
Hadra in 1891. No effort has ever been made to prove or disprove 
his contentions, largely because of the ill repute into which internal 
metallic fixation has fallen during the past two decades in the con- 
troversy over its use in fracture work. 

We determined (1) to investigate the reaction of bone and its 
surrounding tissues to metals that we believed might be satisfactory for 
such a purpose ; (2) to prove the mechanical efficiency of such a fixation 
procedure as Hadra had suggested, and (3) to study the reaction of 


bone and the surrounding tissues under the conditions created by this 
procedure. 


THE REACTION OF BONE TO METALS 


Review of the Literature —The majority of the investigations of the 
reactions of bone to metal have resulted from the controversy that has 
been maintained ever since Lane and his followers widely sponsored 
internal metallic fixation in 1905. A large group (see bibliography), 
led by Albee, condemn its use, while a smaller but just as enthusiastic 


group (see bibliography), led by Lane, endorse its use and show 
excellent results. 
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The earliest reference to the use of wire for suturing a fracture is 
that of Icart in 1775. Levert in 1829 performed the first extensive 
series of experiments on dogs to determine the tolerance of soft tissues 
to metallic sutures applied about arteries, using gold, silver, lead and 
platinum and finding the latter least irritating. In 1840 Malgaigne pre- 
sented his hooks, later modified by Levis, Otis and Duplay; Gaillard, 
his screw in 1865, and Senn, the metal ferrule in 1893. Thiriar pre- 
sented the aluminum plate in 1894, Estes the steel plate in 1887 and 
Streinach the silver plate in 1900, while in 1902 Lambotte reported his 
work with brass plates and copper and iron wire. The greatest impetus 
to internal metallic fixation of fractures was the work of Lane, first 
reported in 1905. 

One of the most complete studies to ascertain the reaction of bone 
to metal was a brilliant investigation by Hey-Groves in 1913, whose 
conclusions were as follows: 


1. Metallic magnesium, when used as a peg, acts as a powerful 
stimulus to the formation of bone. 


2. Indifferent aseptic foreign bodies in the tissues have no ill effects 
on healing. 


3. Nickel-plated steel is well accepted by the tissues. 


Blake in 1912 noted that copper wire or plate appeared to set up 
irritation and to lead to inhibited healing. Trout in 1915 inserted steel 
screws in the bones of young rabbits and noted inhibition of bone 
growth. In 1916 Mann carried out a short series of experiments on 
dogs to determine the tolerance of joints to steel nails and screws, find- 
ing them well embedded in four weeks. In 1918 Leriche and Policard 
concluded that the steel plate of Lambotte retarded repair and inhibited 
osteogenesis and advised the use of less noxious metals, such as 
aluminum, magnesium, silver and gold. 

Zierold in 1924 reported the following conclusions, after utilizing a 
large series of animals and a great variety of metals with careful patho- 
logic studies : 


1. Gold, aluminum and stellite are readily tolerated by bone and act 
as inert material, contrary to the finding of Duval, Elsberg and Dan- 
born, who observed that aluminum was absorbed. 

2. Silver and lead are only slightly less tolerable to bone but are 
easily corroded and evoke a slightly greater response of the connective 
tissue. 

3. Zinc goes into solution readily and interferes with the regenera- 
tion of the bone. 


4. Nickel is injurious to bone growth, contrary to the findings of 
Hey-Grove. 
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5. Magnesium retards rather than accelerates the production of ° 
bone. 


6. Copper definitely stimulates the production of bone, contrary to 
the findings of Blake. 

7. Copper aluminum bronze frankly interferes with the regenera- 
tion of bone and tends to become extruded. 


8. Steel and, to a lesser degree, iron inhibit the regeneration of bone. 


Cunéo and Rolland, Young and Blake found that metal plates were 
not deleterious to bone or to bony union. Others ( Magie; Stanley and 
Gatellier) noted that metallic bands stimulated the formation of callus. 
Collins, in a series of tests on rabbits with experimental fractures, noted 
marked callus response to bands made of gold, silver, nickel and copper. 
On the other hand, Brickner, Frank, Freeman and Lathrop experi- 
enced nonunion, softening and necrosis of the bone. 

Gazzoti in 1923 buried small cylinders of various metals in the tibias 
and femurs of dogs. Iron and copper were found-to rust and tarnish. 
Nickel and tin persisted practically unmodified, the latter being found 
especially favorable for bone tolerance. 

In 1926 Friind attributed the aseptic suppuration about metal 
objects to the galvanic currents arising between the two metals of which 
many metal objects are composed. He reported the absence of sup- 
puration with nails of rustless steel, i.e., a single metal; his conclu- 
sions differed from those of Lange, who in 1910, experimenting with a 
great variety of metals, had found that those readily oxidized by the 
body fluids (iron, copper, zinc and nickel) are likely to cause aseptic 
suppuration of the tissues, rendering healing difficult, and to lead to 
extrusion of the foreign body. Tin-plated steel was found to be the 
metal best tolerated. 

Rugh in 1928, experimenting with the bactericidal action of various 
metallic substances, concluded that metals such as tin, gold, platinum 
and silver cause less reaction in the body tissues, making the tissues less 
liable to infection than if more irritating metals are used. 

Bohlman in 1929, using a great number of metals and other foreign 
bodies, introduced in the region of the epiphysial cartilage plate of 
growing bones, noted tolerance but resultant shortening due to inhibi- 
tion of the growth faculties. Robineau and Contremoulins and Robineau 
and Moruzi are cited by Ichok in 1929 as demonstrating osteosynthesis 
in fractures with metallic bands of aluminum bronze, immovably fixed. 
Ichok drew attention to absolute fixation as the prime essential condi- 
tion of good tolerance. 

More recently Verbrugge (1933) reported the experimental use of 
magnesium. He found it absorbable in one year’s time, nontoxic, well 
tolerated by bone and stimulative to the formation of callus. In 1934 
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he reported a number of cases of fracture in human beings in which 
magnesium and an alloy of magnesium and aluminum were used in 
internal fixation, both metals absorbing after good union had occurred, 
and his other experimental findings were well borne out. 


Ménégaux, Moyse and Odiette (1934) studied metals and their 
effect on cultures of bone tissue and connective tissue in vitro in accor- 
dance with the method of Carrel. They concluded that the extremely 
toxic metals, arranged in descending order, are copper, magnesium, iron, 
aluminum bronze and soft steel. In the slightly toxic group they place 
zinc, silver, tantalum, tin, nickel and tungsten, and in the indifferent 
group, the harmless metals, gold, aluminum and lead. 


Methods of Investigation—It was our intention to investigate only those 
metals which have been found acceptable to the body tissues by previous investi- 
gators and which in wire form might be suitable for fixation of several spinous 
processes. 


We were especially desirous of studying two copper wire alloys—one, everdur, 
an alloy of copper (96 per cent), silicon (3 per cent) and manganese (1 per cent) ; 
the other, beryllium copper, containing 2.25 per cent of beryllium. Both were of 
remarkable strength, of high resistance to corroding substances and, we believed, 
readily adaptable in the soft annealed wire form for our purpose. We wanted 
to compare the effects of these metals on bone with those of copper, tin, 
magnesium, lead and steel. Other metals were considered impracticable for our 
purposes. 

Rabbits were utilized throughout this series of experiments (series 1). With 
the animals under ether anesthesia, the outer side of the thigh or leg was shaven 
and prepared with iodine and alcohol. Under best aseptic conditions, a 2 inch 
(5 em.) incision was made through the skin and fascia, parallel to the long bone, 
the muscle split down to the bone and the tissues freed over an area of about 
¥Y% inch (1.27 cm.).. Where the copper alloy wire was used, a hole was drilled 
through the bone, the sterilized wire inserted and the ends brought together by 
twisting. 

In the case of the copper, magnesium, tin, lead and steel, metal bands were 
wound about the exposed shaft of the bone. The fascia and skin were closed 
in separate layers. The entire procedure rarely lasted over ten minutes. At the 
end of variable periods, autopsy was performed, and the bone was studied by the 
roentgenologist and by the pathologist. 


Comment.—Not all animals in which a steel strip had been used 
survived long enough to warrant roentgenographic or pathologic study, 
but the experiments were not repeated, because so much work had been 
done by others. 

It is noteworthy that in the examination of rabbits that died several 
days after operation, in which copper, lead, tin and steel had been 
utilized, there was a marked inflammatory reaction of the soft tissues 
about the metallic foreign body, so that the latter became embedded in 
a mass of purulent-like material. This reaction disappeared after many 
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weeks, for it was absent in the animals which came to autopsy later, 
in which the same metals had been employed. The reaction occurred 
at no time with the copper alloys. 

The tendency to osseous destruction seemed directly related to the 
development and deposit of metallic salts, being most marked with the 
copper bands, less so with the tin and lead and least noteworthy with 
the copper alloys. The exact nature of these salts could not be ascer- 
tained because of the insufficient quantity of the deposit for satisfactory 
chemical analysis. One may, at least, hypothesize on the nature of 
these salts and their importance. 


Fig. 1 (series 1)—Photograph of specimens from rabbits 2a, 3 and 2b, 
respectively. Note the bony proliferation in all specimens. LEverdur wire was 
used on the upper specimen, which was examined after one hundred and thirty- 
eight days; beryllium copper wire, on the middle specimen, which was examined 
after eighty-two days, and everdur wire, on the lower specimen, which was 
examined after eighty-two days. 


The metallic copper may form green cupric hydroxide by oxidation 
in the presence of water, and this salt may in turn lose water to pro- 
duce black cupric oxide or combine with an acid radical (sulfate, acetate, 
chloride and proteinate) to form a green basic salt. 

Tin is coated probably with white oxide and lead with black oxide. 
Verbrugge expressed the belief that magnesium is absorbed as the 
hydroxide. 
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The matter of toxicology and the importance of these salts in necrosis 
of bone become an important problem for investigation by the pharma- 
cologist and physiologic chemist. | 

Conclusions (Series 1).—Everdur wire and beryllium copper wire 
stimulate osteogenesis. There is little tendency to atrophy and necrosis 
of bone, and this was found in the earlier specimens. 

Copper encourages necrosis of bone, which is widespread. 


Magnesium is absorbed by the tissues and leads to atrophy and 
necrosis of bone. 


D 


Fig. 2 (series 1)—A shows a normal femur; B, a femur after fixation with 
beryllium copper wire for eighty-two days; C, a femur after fixation with ever- 
dur wire for one hundred and thirty-eight days, and D, a femur after fixation 
with everdur wire for eighty-two days. 


Tin, likewise, encourages atrophy and necrosis of bone. 

Lead acts indifferently, tending to inhibit normal proliferation of 
the adjacent periosteum, leading thus to atrophy. 

The stage of necrosis seems related in some way to the formation of 
metallic salts deposited in the metal and in the adjacent tissues. In the 
case of rabbit 6 (copper), the finding of widespread deposits of minute 


metallic particles suggests that this may be a possible factor in necrosis 
ef bone. 
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DETERMINATION OF THE MECHANICAL EFFICIENCY OF WIRING 
OF THE SPINOUS PROCESSES 


We believed ourselves justified in using éverdur and beryllium cop- 
per for the wiring of the spinous processes of dogs, because of the 
proved tolerance of these metals by the tissues in series 1, as well as 


their mechanical attributes already referred to. This procedure was as 
follows : 


Fig. 3 (series 1)—A shows a normal tibia and a tibia after fixation with a 
copper band for one hundred and seventy-eight days, and B, a tibia after Satin 
with a copper band for fifty-eight days. 


1. The animal was anesthetized with ether. The skin in a wide area over: the 
selected site of operation (lower part of the thoracic portion of the spine and 
the upper part of the lumbar portion) was shaven, prepared . with iodine . ‘and 
alcohol and surrounded with aseptic draperies. 


2. An incision was made directly over, and long enough to expose, four or five 
of the spinous processes. The flaps were reflected to each side. 
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3. The deep fascia was incised along both sides of, and parallel to, the spinous 
processes, thus preserving the supraspinal and interspinal ligaments. 


4. With a dissector, the erector spinae muscles on each side were drawn aside. 
Bleeding was controlled with hot packs. 


5. With the muscles widely retracted, a hole was made with a hand drill 
through the spinous process of three or four vertebrae and threaded with the 
selected wire, rewoven several times, the wire not passing between the spinous 
processes at any time. The free ends were twisted together, cut short and buried 
deeply. 


Fig. 4 (series 1)—A shows a normal femur and a femur after fixation with 
a magnesium band for one hundred and sixty-eight days, and B, a femur after 
fixation with a tin band for forty-three days. 


6. The muscle mass was permitted to fall into place on both sides, and the 
fascial incisions were sutured with no. 2 chromic catgut. 

7. The skin was closed with interrupted silk sutures and dressing applied. 
No external fixation was used. 

The entire operation was easily and rapidly completed, the duration of the 
actual surgical procedure rarely exceeding from twenty to twenty-five minutes. 
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Fig. 5 (series 2).—A shows a portion of the vertebral column after fixation 
with beryllium copper wire for sixteen days, and B, after fixation with everdur 
wire for forty-nine days. 


Fig. 6 (series 2) —A shows a portion of the vertebral column after fixation 
with beryllium copper wire (%¢ inch) for sixty-four days; B, after fixation 
with everdur wire for eighty-nine days, and C, after fixation with beryllium 
copper wire for one hundred and twenty days. 
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Eight dogs were operated on, with three deaths. One animal, the previous 
subject of many experimental bronchoscopies, died two days after operation. 
There were no clarifying evidences at autopsy. Another dog, only 12 pounds 
(5.4 Kg.) in weight, had been the subject of previous hematologic experimenta- 
tion. While the blood picture was normal, the procedure was apparently too 
shocking, and he died on the operating table. The third dog died sixteen days 
after operation, owing to a spastic paraplegia, the result of a technical error, 
the drill having penetrated the spinal canal. 

The two dogs that died shortly after operation were subjected to autopsy, 
the segment of the spinal column that had been wired was removed, and its 
mechanical efficiency was determined. There was almost complete absence of 
motion in all directions, despite the fact that all the musculature had been 
removed as well as the connections to the thoracic cage and the abdominal wall. 

In the remaining five dogs the segments removed for study evidenced increasing 
motion in direct proportion to the duration of the wiring. The reason for this 
becomes evident on pathologic and roentgen examination. 

To ascertain the mechanical efficiency of the wiring procedure further, in 
each of two cadavers five spinous processes were fixed with wire 4. inch 
(0.08 cm.) in diameter. We had found that wire of larger diameter (4, inch 
{0.16 cm.]) was difficult to mold into place and therefore impracticable for our 
purpose. Almost the entire thoracic and lumbar portion of the spine was removed 
with the attached ligaments and muscle mass. The attachments to the scapula, 
cervical portion of the spine, thoracic cage, abdominal wall, pelvis and lower 
extremities had to be sacrificed; yet despite the removal of their added fixation, 
there was relatively no motion in the part of the spine that had been wired, in 
flexion, extension, lateral motion or rotation, when contrasted with a similar 
segment that had not been wired. 

External fixation, in the form of a body cast, was applied to the last dog 
(no. 6) operated on to ascertain by periodic roentgen studies whether such 
superimposed fixation might alter the bony changes. 


Conclusions —The operation of wiring the spinous processes of the 
vertebrae, using wire of everdur and beryllium copper 4%. inch in 
diameter as a method of internal spinal fixation, is technically simple 
and rapidly performed. 

The mechanical efficiency of the method, i. e., immediate fixation, 
as determined directly after operation on dogs and on the cadaver, is 
almost absolute. 

There is danger of mortality from shock and from injury to the 
cord if the spinal canal is entered. 


REACTION OF THE BONE (VERTEBRAL) TO THE METAL UTILIZED 
IN THE WIRING OPERATION (SERIES 2) 


The results of this study on six dogs are presented in table 2. 


Comment.—In all of these animals the wire within the canal was 
found to be unchanged, while that portion outside of the bone and 
embedded in the soft tissues was covered with a thin dark deposit 
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(oxide ?), which was readily removed. There was no other appreciable 
change in the wire, even in the later specimens. 

Motion in the wired segments became increasingly evident with the 
age of the specimen and the degree of necrosis present. It was absent 
in dogs 1 and 2, slightly evident in dog 3 and present in all directions in 
dogs 4 and 5. 


Conclusions (Series 2).—There was no evidence of destruction or 
proliferation of bone induced by either beryllium copper or everdur 
wire during the early period, in which the animal remained relatively 
quiet and in which motion of the vertebral column was at a minimum. 
The longer the dog was permitted to survive, the greater was the evi- 
dence of absorption of bone, roentgenographically and pathologically, 
about the wire, and that was most marked in the terminal spinous 
processes, where stress was likely to be most severe. The absorption 
of bone was greater about the thicker wire. 

The wire outside of the bone had become embedded in a mass of 
new fibrocartilaginous formation but evidenced no apparent change 
except a slight deposit of oxide. 

The motion elicited in the wired vertebral segments was increasingly 
manifest the longer the dog was permitted to survive. 

External fixation (casting) predisposes to more rapid and extensive 
bony necrosis. This is, possibly, related to the demineralization asso- 
ciated with immobilization. 


RESUME 


The copper alloy wires utilized during this investigation were well 
tolerated by the tissues in the absence of stress and trauma. They 
apparently stimulate osteogenesis, in contrast to bony necrosis induced 
by bands of copper, lead, tin and magnesium. The rdle of metallic salts 
and the direct deposit of minute metallic particles in destruction of 
bone merit further investigation. 

The wiring of the spinous processes as a means of attaining imme- 
diate internal fixation, a factor absent in the present methods of spinal 
fusion for tuberculosis of the vertebrae, is easily and readily performed 
and early is mechanically efficient. However, with the forces of stress 
brought to bear between the bone and the wire by the motion of the 
vertebral column, even despite external fixation, there are rarefaction 
and necrosis of bone and consequent loss of internal fixation. 

The purpose of the procedure is therefore defeated, in contrast to 
extra-articular arthrodesis, in which internal fixation becomes increas- 
ingly secure and effective, in accordance with Wolff’s law. 


Dr. Richard Manges-Smith made the roentgenographic studies and Dr. Marshall 
M. Lieber, the pathologic studies. 
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EXPERIMENTAL PULMONARY ABSCESS 


II. TRANSMISSION OF THE DISEASE TO DOGS BY THE 
BRONCHIAL ROUTE 


CHARLES WEISS, Ph.D. M.D. 


ALFRED GOLDMAN, M.D. 
AND 
MARIAN C. SHEVKY, A.B. 
SAN FRANCISCO 


Surgeons who have devoted many years to the study of pulmonary 
abscess are confronted with numerous difficulties in the diagnosis and 
treatment of this disease. Any aid which the laboratory can furnish 
will necessarily depend on an increase in the knowledge of its etiology 
and pathogenesis. 

In another communication? a method is described for the 
experimental production of pulmonary abscess in Java monkeys 
(Macacus irus) by the bronchial route. Pus from guinea-pigs con- 
taining various anaerobic bacteria, including several types of fusiform 
bacilli, Bacterium melaninogenicum, anaerobic nonhemolytic streptococci, 
gram-negative motile rods of the Bacteroides group and spirochetes, was 
injected intrabronchially and the corresponding bronchus was then 
blocked by means of a plug of agar. Of fourteen monkeys thus treated, 
large abscesses developed in six, pneumonia with several small abscesses 
of the lung in one and pneumonia and purulent bronchitis with bronchi- 
ectasis in one. The remaining animals were essentially normal. These 
results resemble those of Smith,? who worked on rabbits, guinea-pigs 
and mice. 

The present communication describes the transmission of the disease 
to dogs by the same method. 


From the Research Laboratories and the Department of Pathology of the 
Mount Zion Hospital and the Division of Thoracic Surgery of the University of 
California, service of Dr. Harold Brunn. 

1. Brunn, H.: Lung Abscess, J. A. M. A. 103:1999 (Dec. 29) 1934. 

2. Weiss, C., and Shevky, M. C.: Studies on Experimental Pulmonary 
Abscess: I. Transmission of the Disease to Monkeys by the Bronchial Route, 
Arch. Path., to be published. 

3. Smith, D. T.: Oral Spirochetes and Related Organisms in Fuso-Spirochetal 
Disease, Baltimore, Williams & Wilkins Company, 1932. 
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MATERIALS AND METHODS 


Mongrel dogs, weighing from 7 to 10 Kg., were employed after having been 
subjected to several weeks of quarantine during which time they were observed 
for signs of spontaneous infection. The animals were kept in individual cages, and 
several of them were inoculated against distemper with an antigen obtained from 
the Cutter Biological Laboratories. A few (series A, table 1) were given intra- 
bronchial pus removed from abscesses of the gums and scrapings from the margins 
of the gums of persons with active pyorrhea. This material was injected 
immediately on removal from the body and with the least possible delay. It was 
kept warm in a thermos bottle, a seal of petrolaium being employed to prevent the 
death of anaerobic micro-organisms. Other dogs (series C, table 2) were given 
injections of pus removed from abscesses in the inguinal region of guinea-pigs.” 
These lesions, which contained various micro-organisms, including Bact. melanino- 
genicum, several types of fusiform bacilli, anaerobic nonhemolytic streptococci, 
gram-negative motile rods of the Bacteroides group, spirochetes, etc., were pro- 
duced by inoculating bits of pulmonary tissue removed at operation by Dr. Harold 
Brunn from a patient with chronic abscess of the lung. At frequent intervals the 
material was passed in series from one guinea-pig to another, as suggested by 
Kline * and Smith.* A third series of dogs (table 3) were given injections of 
combinations of pure cultures of various anaerobes and aerobes, suspended in a 
menstruum of viscous starch solutions, a technic developed by Terrell, Robertson 
and Coggeshall ® in their researches on pneumococcic pneumonia. 


Technic of Inoculation —The animals received no food on the day of inoculation. 
After cleansing the mouth and pharynx, the larynx was painted with 2 per cent of 
para-normo-butylaminobenzol-di-methylamino-ethanol hydrochloride in order to 
abolish temporarily the cough reflex. With the aid of a Jackson bronchoscope 
(children’s size) and a radiopaque ureteral catheter (no. 5), the material was 
injected directly into the desired lobe of either lung. In the experiment with the 
pus from guinea-pigs, 2 cc. of melted agar, previously cooled to 40 C., was 
immediately introduced through the catheter in order to block the bronchus and 
prevent the escape of the infectious material. The animals were held in a vertical 
position for several minutes before being returned to their cages. 

Experimental and Clinical Records——Roentgenograms, including lateral and 
posterior views, were taken of all animals before injection and at frequent intervals 
thereafter.® 

The rectal temperature and the white blood cell count were recorded at frequent 
intervals, and observations were made as to appetite, cough and general behavior. 
At suitable intervals animals were killed for examination. Cultures were made of 
the heart blood and of the various portions of the lungs. 


é SUMMARY OF RESULTS 


As seen from table 1, in two of three dogs given injections intrabronchially 
of pus removed from persons with active pyorrhea pulmonary suppuration developed. 
One of these animals, which was killed sixty-eight days after the injection, revealed 


4. Kline, B. S.: Experimental Gangrene, J. Infect. Dis. 32:481 (June) 1923. 

5. Terrell, E.; Robertson, O., and Coggeshall, L.: Experimental Pneumococcus 
Lobar Pneumonia in Dog, J. Clin. Investigation 12:393, 1933. 

6. Dr. R. S. Stone, of the University of California Hospital, and Dr. Joseph 
Levitin, associate chief of roentgenology of the Department of Pathology of the 
Mount Zion Hospital, collaborated in these aspects of the problem. 
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a healed abscess, as shown by the presence of scar tissue. The roentgen evidence 
during life also suggested pulmonary abscess. A second animal, which was killed 
twenty-four days after injection, had a pulmonary abscess 2 by 2 cm., purulent 
bronchitis and atelectasis of the lung. A roentgenogram of the third animal showed 
evidence of suppuration of the lung, which cleared in thirty days, but autopsy was 
not performed. 


Tas_e 2.—Results of Intrabronchial Injection Into Dogs 


of Guinea- Agar 

Dog Injec- Pigs, (2.5%), 

No. tion Ce. Ce. Roentgenographie Picture Pathologic Changes 
Series C a Injection of Pus from Guinea-Pigs Containing a Mixture of * ae 

to the Lower Lobe of the Right Lung; Bronchus Obstructed b 
Means of a Plug of Agar) 

348 5/ 3/35 2.0 4 5/9/35: Large area of density 5/16/35: Dog killed; autopsy 
at base of right lung pos- showed pulmonary abscess 
teriorly; abscess (?) 

5/10/35: Process at base of 
lung clearing 

No roentgenograms taken 5/25/35: Dog died; autopsy 

showed empyema and 
pulmonary abscess 


341 5/22/35 5.0 


347 5/ 3/35 2.0 4 5/6/35: Process in right lung 5/20/35: Dog killed; autopsy 
posteriorly suggestive of showed pneumonia with 
abscess small area suggestive of 

5/10/35: Clear pulmonary abscess (?) 
5/20/35; Clear 


355 5/22/35 2.0 4 4/25/35: Normal 8/6/35: Dog killed; autopsy 
5/29/35: Small area of density showed lungs to be normal 
at base of right lung 
5/31/35: Area of increased den- 
sity at base of right lung 
6/ 7/35: Normal 


241 «= 5/22/35 4.5 5 5/20/35: Normal 6/18/35: Dog killed; results of 
at base of autopsy negative 
right 


5/31/35: Anes of increased den- 
sity at base of right lung 


posteriorly 
6/ 7/35: Normal 
29 = / 22/35 2.0 5 5/29/35: Area of increased 6/17/35: Dog killed; lungs 
density at base of left grossly normal 


lung posteriorly 

5/31/35: Area of increased 
density at base of right 
lung posteriorly 


Series D, Controls (Single Injection of Agar, or of Agar and Heated Pus) 


346 ©: 5/29/38 5 4/26/35: Normal 8/7/35: Dog killed; entirely 
5/31/35: Normal normal 
6/ 5/35: Area of increased 
density 
345 5/20/35 5 4/26/35: Normal 8/6/35: Dog killed; autopsy 
5/31/35: Atelectasis of lower gave grossly negative 
lobe of right lung results (see histologic 
6/5/35: Area of increased report) 
density 
6/21/35: Inflammation of base 
of right lung poteriorly 
356 55/29/35 3.0 5 4/26/35: Normal 8/16/35: lungs 
(heated) 6/ 5/35: Normal normal 


Table 2 summarizes the data on another group of six dogs which had been given 
intrabronchial injections of purulent material removed from the inguinal region 
of guinea-pigs. Two of these dogs, killed three and thirteen days after injection, 
had large pulmonary abscesses in the infected lobe; pneumonia with small areas of 
suppuration developed in another and the remaining three dogs were not affected. 


a 
Dose 
of Pus Dose 
4 Date from of 
4 
a 
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In order to control the effects of bronchial obstruction alone, melted agar was 
introduced intrabronchially into each of two animals. In one of them transient 
atelectasis developed, while the other remained normal. A third animal, receiving 
both agar and heated pus, showed no untoward effects. Further details are given 
under “Summary of Pathologic Changes.” Preliminary attempts to produce chronic 
abscess of the lung by means of pure cultures of anaerobes and aerobes suspended 
in starch solution were successful only when a pyogenic organism, Staphylococcus 
aureus, was included. The protocols, shown in table 3, give the essential data. It 
will be noted that freshly isolated strains of Bact. melaninogenicum were not 
markedly pathogenic for the dogs’ lung when injected intrabronchially. The 
roentgenogram of one animal showed an area of increased density in the lobes into 
which the injections were made. The results were, however, not uniform. The 
injection of cultures of anaerobic streptococci produced similar results. With 
repeated intrabronchial injection of this organism, the degree of pulmonary injury, 
(as judged by the roentgen picture) decreased. When Bact. melaninogenicum 
combined with fusiform bacilli was injected, pneumonitis was observed in two of 
three animals and pneumonia in the third. Injection of a combination of the 
three micro-organisms (Bact. melaninogenicum, fusiform bacilli and an anaerobic 
nonhemolytic streptococcus) produced similar results. 

When a pyogenic, aerobic micrococcus (a hemolytic strain of Staph. aureus) 
was injected in the usual manner, it was possible, by controlling the size of the 
dose, to produce pulmonary suppuration in three of five animals. 

Control experiments showed that the starch solution which was used for suspend- 
ing the organisms exerted no appreciable untoward effect on the dogs’ lungs when 
injected intrabronchially. 

Observation of daily temperatures revealed no appreciable change in animals 
in which pulmonary abscess developed. An exception was observed in one animal 
dying of empyema, complicating pulmonary abscess, in which the temperature rose 
to 40 C. (104 F.). 

White cell counts, made every two or three days after injection, revealed marked 
leukocytosis, from 28,000 to 38,000 cells per cubic millimeter, in two animals (dogs 
347 and 348), in which pulmonary abscess developed. In a third animal (341), in 
which pulmona abscess also developed, but which died of empyema two days 
after injection Phe total count reached only 23,000. The other animals (249, 241 
and 255), ina#fiich no pulmonary lesions developed, showed a less marked leukocy- 
tosis. Thus, on the seventh day the counts varied from 11,000 to 15,000; on the 
fourteenth day, from 13,000 to 19,000, and on the twenty-fourth day, from 16,000 to 
34,000 (fig. 1). 

Control animals which were given injections of heated pus and agar or agar 
alone (346, 356 and 345) showed practically no deviation from the normal leukocyte 
count. 


SUMMARY OF PATHOLOGIC CHANGES “ 


Histologic examination confirmed the impression gained on gross 
examination that although large pulmonary abscesses can be produced 
in dogs with crude pus which has been passed through a series of guinea- 
pigs or with material removed from pyorrheal pockets of human beings, 
a combination of pure cultures of Bact. melaninogenicum, fusiform 


6a. By Dr. G. R. Biskind and Dr. G. ¥. Rusk, Department of Pathology, the 
Mount Zion Hospital. 
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bacilli and anaerobic streptococci produces only lesions of the pneumonic 
type. One of the control dogs (345), which was given an injection of 
agar alone, showed a small area of cellular infiltration and some foreign 
body giant cells with beginning abscess. Whether or not the agar had 
become infected spontaneously by micro-organisms normally present 
in the lung in a manner suggested by Loeffler * remains a subject for 
further investigation. 

On several occasions postmortem examination revealed spontaneous 
healing of pulmonary abscesses. In this respect, too, our data con- 
firmed clinical observations in man. It is noteworthy, moreover, that 
with the use of the same material a variety of lesions were observed, 
namely, pneumonia, bronchiectasis and pulmonary abscess. This, as 


40,000 
35,000|— 
¥ 30,000 
25,000 
20,000} 241 NEG. 
| 
15,000 }— 355 NEG. 
@a 
= 
10,000 (AVERAGE OF CONTROLS 
“DAY OF INJECTION 
5,000 | | | | | | | 
20 25 30 


5 5 1S 
DAYS BEFORE DAYS AFTER INJECTION 


Fig. 1—Leukocyte count in dogs after intrabronchial injection of pus. P.A. 
indicates pulmonary abscess. 


Smith * pointed out, may possibly be referable to variations in the 
resistance of the host rather than to the bacterial flora. The present 
investigation also bears out clinical observations to the effect that the 
roentgenogram cannot always be depended on to aid in the diagnosis 
of pulmonary abscess. Negative films were frequently reported in 
animals which showed cavitation post mortem. 

A few illustrative histologic protocols will now be cited: 


Doc 438 (killed sixty-eight days after injection of pus from pyorrheal pockets 
of human beings).—The pleura appeared to be above five times its normal thickness. 
Beneath it there was a chronic inflammatory reaction with lymphocytic, fibro- 
blastic and fibrocytic infiltration. Many foreign body giant cells were in evidence, 


7. Loeffler, L.: Experimentelle Lungenabscesse : Beobachtungen ueber Embolie, 
Deutsche Ztschr. f. Chir. 242:570, 1934. 
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Fig. 2—Roentgenogram (lateral view) of the lungs of dog 348, taken during 
life. The abscess cavity is clearly seen. 


TIT? 


ineuce > > 


Fig. 3—A lung of dog 348 removed at necropsy, showing a large abscess 
ie, cavity produced by the intrabronchial injection of pus from guinea-pigs. 
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Fig. 5.—Middle layer of the wall of the abscess shown in figure 3. 


a Ye ve 
# Fig. 4—Inner layer of the wall of the abscess shown in figure 3. 
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Fig. 7—Lung of dog 495 with a pulmonary abscess produced by the injection 
of a hemolytic strain of Staph. aureus. 


5 Fig. 6.—Outer layer of the wall of the abscess shown in figure 3. 


Fig. 9.—Histologic picture of the middle wall of the abscess of dog 495. 


a Fig. 8.—Histologic picture of the inner wall of the abscess of dog 495. 
a 
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and the blood vessels were engorged. There was an occasional area of atelectasis 
and peribronchial infiltration. 

Doc 348 (killed thirteen days after injection of pus from guinea-pigs) —There 
was an abscess cavity with surrounding inflammatory reaction. The innermost 
layer contained some red blood cells but consisted mostly of fibroblasts and young 
blood vessels, the whole resembling granulation tissue. The middle layer consisted 
of a compact mass of polymorphonuclears, lymphocytes and monocytes. The 
outermost layer contained cells of the monocytic series and showed destruction of 
the alveoli. 

Doc 469 (killed three days after the third injection of a combination of Bact. 
melaninogenicum and fusiform bacilli) —There were infiltration of the alveoli with 


Fig. 10.—Histologic picture of the outer wall of the abscess of dog 495. 


polymorphonuclears, red blood cells and fibrin, peribronchial accumulation of poly- 
morphonuclears and moderate congestion of the blood vessels. The picture was 
that of an acute pneumonic process. 

Doc 448 (killed after four injections of a combination of Bact. melaninogenicum, 
fusiform bacilli and an anaerobic streptococcus).—The lungs showed evidence of 
a subacute inflammatory process. The blood vessels were engorged, and there 
was a slight hemorrhagic edema of the alveoli with round cell infiltration. There 
was destruction of the nuclei of the white blood cells. The smaller bronchi were 
filled with cellular material and showed desquamation of the epithelial layer in some 
places. The impression was that the condition was an acute pneumonic process. 

Doc 464 (killed after four injections, as in the case of dog 448).—The alveoli 
were filled with white blood cells and edematous fluid. There were occasional 
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large collections of polymorphonuclears but no evidence of tissue necrosis. The 
picture was that of bronchopneumonia with areas of hemorrhagic edema. 


Doc 495 (killed five days after a single injection of Staph. aureus-haemolyticus). 
—The innermost layer of the wall of the abscess showed extensive necrosis of the 
cells and numerous clumps of bacteria (gram-positive cocci). Many polymorphonu- 
clear cells were seen near this region; beyond this lay a thick layer of alveolar 
phagocytes and monocytes. A few foreign body giant cells were also seen. The 
picture was that of an acute necrotic pneumonitis. 


Controt Doc 345 (killed about two months after injection of 5 cc. of sterile 
agar ).—Microscopic examination showed an area of infiltration, the cells consisting 
of polymorphonuclears and monocytes. Around this was an area of collapsed lung 
parenchyma. There was also evidence of beginning organization. The picture was 
that of a microscopic area of beginning abscess with interstitial pneumonitis or 
peribronchial pneumonia. 


COMMENT 


Evidence has been presented that when proper precautions are taken 
to prevent expulsion of the inoculum from the smaller bronchioles, pul- 
monary suppuration may be produced in dogs. Similar results have 
been previously reported by Allen,* who employed the difficult technic 
of isolating and ligating the bronchus after introduction of the infectious 
material. The positive results with a relatively simple method reported 
in this communication should be of interest, in view of the many nega- 
tive findings reported in the literature.® 


Preliminary work with pure cultures of various anaerobes (Bact. 
melaninogenicum, anaerobic streptococci, fusiform bacilli and a gram- 
negative motile rod of the Bacteroides group) suggests that these organ- 
isms alone probably do not cause pulmonary abscess. The variation in 
results obtained with individual micro-organisms or groups of bacteria 
may be due to changes in their virulence or to variation in the natural 
resistance of the animals. Studies now under way in this laboratory 
are concerned with the pathogenicity of other anaerobes as well as the 
immunologic defense mechanism of the pulmonary tissues. 


SUMMARY AND CONCLUSIONS 


By means of a technic which prevents the expulsion of the inocu- 
lum during coughing and which also causes atelectasis, pulmonary 
abscesses were produced in several dogs. The infectious material was 


8. Allen, D. S.: Etiology of Abscess of the Lung, Arch. Surg. 16:179 (Jan., 
pt. 2) 1928. 

9. For review of this subject see Maxwell, J.: Lung Abscess, Quart. J. Med. 
3:467 (July) 1934. Graham, E. A.; Singer, J. J., and Ballon, H. C.: Surgical 
Diseases of the Chest, Philadelphia, Lea & Febiger, 1935, p. 709. Marshall, 
M. S., and Brunn, H.: Bacteriology of Pulmonary Abscess, Arch. Surg. 26:225 
(Feb.) 1933. Cutler, E. C.: The Experimental Production of Abscess of the 
Lung, Am. J. Dis. Child. 38:683 (Oct.) 1929. Crowe, S. J., and Scarff, J. E.: 
Experimental Abscess of the Lung in the Dog, Arch. Surg. 16:176 (Jan., pt. 2) 
1928. 
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obtained at operation from the lung of a patient with chronic pulmonary 
abscess and the anaerobes which it contained (Bact. melaninogenicum, 
spirochetes, several types of fusiform bacilli, anaerobic nonhemolytic 
streptococci, etc.) were kept alive by frequent passage through the 
inguinal tissues of guinea-pigs, as suggested by Kline* and Smith.* 
Another source of material was pus removed from pyorrheal lesions 
of human beings. The inoculum was introduced directly into a lower 
lobe bronchus by means of a ureteral catheter and a bronchoscope. 

Pure cultures of recently isolated strains of Bact. melaninogenicum 
and anaerobic streptococci were also tested. They did not produce any 
appreciable pathologic changes in the lungs of dogs. A combination 
of Bact. melaninogenicum and various types of fusiform bacilli caused 
pneumonitis in two of three animals and pneumonia in a third. The 
behavior of these micro-organisms under conditions of symbiosis will 
be investigated further. With a hemolytic strain of Staph. aureus, 
large, acute abscesses of the lung were produced in three of five dogs. 

Detailed protocols are given of the roentgenographic picture and 
pathologic changes in experimental pulmonary abscesses in dogs. His- 
tologic examinations revealed occasional spontaneous healing of the 
abscesses. Animals in which pulmonary suppuration developed showed 
marked leukocytosis, the number of cells reaching from 28,000 to 38,000 
per cubic millimeter. 

The evidence presented suggests that pulmonary abscess may be due 
in certain cases to aspiration into the lung of infectious material from 


the upper respiratory passages and the plugging of the corresponding 
bronchus. 


This work was made possible through the interest and clinical cooperation of 
Dr. Harold Brunn. Miss Dora Gilmore rendered valuable assistance in the 


bacteriologic studies and Dr. G. Y. Rusk and Dr. G. R. Biskind in the pathologic 
studies. 
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MECHANICAL DECOMPRESSION OF THE INTES- 
TINE IN TREATMENT OF ILEUS 


I. EFFECT OF STRIPPING ON BLOOD PRESSURE 


AMBROSE H. STORCK, M.D. 
AND 
ALTON OCHSNER, M.D. 
NEW ORLEANS 


The production of immediate and complete relief from distention of 
the small bowel associated with acute mechanical intestinal obstruction 
by performing enterostomy and stripping, or milking, the contents 
of the bowel at the time of operation (fig. 1) would be a desirable 
accomplishment if the necessary manipulation of the intestine were not 
accompanied by considerable immediate or delayed undesirable effects. 
The evaluation of the procedure on the basis of clinical experience has 
resulted in the expression of widely divergent opinions by observers 
who have had equal or comparable experience in the management of 
intestinal obstruction. 

Clinicians who have advocated stripping or evacuation of the intes- 
tinal contents at the time of operation for the relief of acute intestinal 
obstruction include Moynihan,’ Cheever,? Holden* and Van Zwalen- 
burg.* Morton,°® on the other hand, expressed the opinion of physicians 
who are opposed to the method and asserted that emptying of a dis- 
tended loop, even with the slightest manipulation, causes damage to the 
friable mucosa, hemorrhage and absorption of toxin. He stated: 


We think that stripping the bowel is a very dangerous procedure and have 


evidence that it acts the same in human cases as it does in animals. . . . If 
one strips the small intestine of a normal animal . . . the carotid blood pres- 
sure sinks but . . . in forty-five minutes it returns to its normal. When the 


From the Department of Surgery, the Tulane University of Louisiana School 
of Medicine. 

1. Moynihan, Berkeley: Abdominal Operations, ed. 4, Philadelphia, W. B. 
Saunders Company, 1926, vol. 1. 

2. Cheever, David: Operative Evacuation of the Small Intestine in Paralytic 
Stasis, New England J. Med. 207:1125, 1932. 

3. Holden, W. B.: Surgical Treatment of Acute Intestinal Obstruction, 
Surg., Gynec. & Obst. 50:184, 1930. 

4. Van Zwalenburg, C.: Hydraulic Vicious Circle as It Develops in the 
Intestine: Effect of Intraintestinal Pressure on the Pathology and Physiology of 
the Bowel, Am. J. Surg. 18:104, 1932. 

5. Morton, J. J.: The Treatment of Ileus as Indicated by Clinical Experi- 
ence and Experimental Studies, Ann. Surg. 95:856, 1932. 
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same thing is done after an ileus of twenty-four hours’ duration, the blood pressure 
[falls] . . . and shows little tendency to return. A proportion of these animals 
quickly die. 

Lawen ° showed that the trauma incident to the procedure of strip- 
ping results in cardiovascular disturbances, including fall in blood 
pressure. The depressing effect of intestinal stripping on blood pressure 
is shown by Blalock’s* investigations on shock, in which he made the 
following observation : 


One of the most frequently used methods of producing shock experimentally 
consists of traumatizing the intestines. In experiments on twelve dogs, this was 


Fig. 1—Drawing showing the method of evacuating the intestine by stripping. 


done by passing the intestines gently between the fingers. This was continued 
until a sustained low blood pressure resulted. A copious weeping of fluid followed 
the exposure and handling of the intestines. The fluid had approximately the 
same composition as the blood plasma. . . . These results indicate that the 
loss of fluid from and into the traumatized intestines was responsible for the decline 
in the blood pressure. 


It has been the experience of every surgeon that extensive handling 
of the intra-abdominal viscera produces decrease in blood pressure, and 


6. Lawen, A.: Zur Operation des Ileus, Zentralbl. f. Chir. 54:1037, 1927. 
7. Blalock, Alfred: The Mechanism of the Production and the Treatment of 
Shock, J. M. A. Alabama 1:94 (Sept.) 1931. 
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frequently surgical shock. Whereas theoretically it is desirable to pro- 
duce decompression of the intestine in the treatment of ileus as early 
as possible because of the danger of intramural strangulation, the impor- 
tance of which has been stressed in previous publications, decompression 
by enterostomy and intestinal stripping is justified only if the undesirable 
effects produced by the procedure do not outweigh the beneficial results. 
In order to evaluate the procedure and to compare the desirable and 
undesirable effects the present investigation was made. In addition to 
the changes in blood pressure resulting from intestinal stripping which 
will be reported in this communication, the effect on subsequent intes- 
tinal activity was also determined. These results, reported in the second 
paper in this series,* showed that the motor response of intestine in 
which obstruction had previously been produced to intravenous admin- 
istration of twenty times normal lactate-Ringer solution was greater 
when simple relief from obstruction had been produced than when 
relief from obstruction was supplemented by stripping. 


EXPERIMENTAL INVESTIGATION 


Method—With the use of ether anesthesia and aseptic technic, complete simple 
intestinal obstruction was produced in dogs by tying a piece of cotton tape around 
the terminal portion of the ileum just tight enough to obliterate the lumen of 
the intestine. The abdomen was closed in layers. The animals, which had had 
nothing but water for twelve hours prior to this procedure, were given no fluid 
or food by mouth after the production of obstruction. Fluids, electrolytes and 
dextrose were supplied by daily infusions of from 400 to 450 cc. of a 5 per cent 
solution of dextrose in normal lactate-Ringer solution. 

At periods varying from twenty-four to seventy-two hours following the pro- 
duction of obstruction, the animals were again anesthetized. At the second 
operation the animals were prepared so that kymographic tracings could be made 
showing simultaneously changes in blood pressure, respiratory activity, time inter- 
vals and periods during which the intestine was stripped. The changes in blood 
pressure were recorded by means of a recording mercury manometer connected 
with a cannula introduced into the common carotid artery on one side, the rubber 
tubing connecting the manometer with the cannula being filled with a solution of 
sodium citrate in order to prevent or minimize coagulation of blood in the recording 
apparatus. The respiratory activity was recorded by a tambour connected with 
a tracheal tube, through which the anesthetic was administered. Time intervals 
were indicated by means of a recording watch. Periods during which the intestine 
was stripped were recorded by a signal magnet equipped with a writing arm. 
The abdomen was then reopened and a no. 32 Pezzar catheter was introduced 
through an opening in the terminal portion of the ileum at a level of from 5 to 8 
cm. proximal to the side of obstruction. The catheter was held in place by a purse- 
string suture. Beginning at the upper end of the jejunum, the contents of the 
entire small intestine distal to this level were evacuated through the enterostomy 


8. Storck, Ambrose H., and Ochsner, Alton: Mechanical Emptying of the 
Intestinal Contents in Treatment of Ileus: II. Effect on Intestinal Activity, Arch. 
Surg., this issue, p. 670. 
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tube by stripping. This was accomplished by drawing the intestine between the 
index and the middle finger while these fingers were kept in sufficiently close 
apposition to coapt the walls of the bowel, so that as the intestine was drawn 
between the fingers the contents would flow into the lower segments of the 
intestine and finally be discharged through the enterostomy tube. The’ stripping 
was performed three times in immediate succession for each observation, for in 
clinical practice it is usually necessary to strip the intestine several times in order 
to secure complete evacuation. After completion of the observations the animals 
were killed by electrocution. 


Results—Thirty-two observations were made on five animals, and the effects 
of stripping on blood pressure reported by Morton 5 and Lawen ® were corroborated. 
Three observations were made on an animal in which obstruction had been present 
for twenty-four hours (fig. 2). In the observations on this animal the greatest 
fall in blood pressure which occurred after stripping of the entire small intestine 
was 40 mm. of mercury; the least decrease was 12 mm., and the average decrease 
was 24.6 mm. The longest period of decrease in blood pressure in this group 
of observations was ten minutes and the shortest period eight minutes, the average 
period being nine minutes. 


Fig. 2—Kymographic tracing showing the effect in lowering the blood pres- 
sure of stripping the small intestine in which obstruction had been present for 
twenty-four hours. In this figure and in figures 3 and 4 periods during which 
the intestine was stripped are indicated by the thick tracings on the line in the upper 
portion of the figure; the tracing just below shows the changes in blood pressure, 
and the next tracing, the respiratory activity. The time intervals are recorded 
in the lower part of the figure. 


Thirteen observations were made on two animals which had had intestinal 
obstruction for forty-eight hours (fig. 3). The greatest fall in blood pressure 
after stripping in this group of observations was 20 mm. of mercury; the least 
fall was 4 mm., and the average fall was 12.1 mm. The longest duration of 
decrease in blood pressure in this group of observations was seventeen minutes ; 
the shortest duration was four minutes, and the average duration was eight and 
eight-tenths minutes. 

Sixteen observations were made on two animals with intestinal obstruction of 
seventy-two hours’ duration (fig. 4). The greatest fall in blood pressure follow- 
ing stripping in this group of observations was 32 mm. of mercury; the least fall 
was 4 mm., and the average lowering was 15.4 mm. The longest duration of 
decrease in blood pressure in this group of observations was fifteen and a half 
minutes ; the shortest duration was five minutes, and the average duration was nine 
and nine-tenths minutes. 


a 

a 
| 


668 ARCHIVES OF SURGERY 


The average decrease in blood pressure for all thirty-two observations, i.e., in 
animals in which obstruction had existed for twenty-four, forty-eight, and seventy- 
two hours, was 14.9 mm. of mercury, with 40 mm. the greatest decrease and 4 mm. 
the lowest decrease. The average duration of decrease in blood pressure was 
nine and four-tenths minutes, the longest duration being seventeen minutes and 
the shortest four minutes. 

In some of the observations, particularly in one group of animals in which 
obstruction had been present for forty-eight hours, there was progressive fall 
in blood pressure during the entire experiment, with no considerable return of 


Fig. 3—Kymographic tracing showing the effect in lowering the blood pres- 
sure of stripping the smail intestine in which obstruction had been present for 
forty-eight hours. 


RESP. 


Fig. 4—Kymographic tracing showing the effect in lowering the blood pressure 
of stripping the small intestine in which obstruction had been present for severity- 
two hours. 


pressure to the level present before stripping was begun. In other instances there 
was more or less recovery of the blood pressure to the level which preceded the 
last stripping. 

COMMENT 


As already mentioned, although theoretically the decompression of 
loops of bowel in relief from intestinal obstruction is desirable in 
order to prevent intramural strangulation, decompression by intestinal 
stripping is not justified unless the beneficial results derived from 
the procedure outweigh the deleterious effects. In investigations 
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reported in other papers we showed that intestinal activity twenty-four 
hours after stripping of the intestine was actually less than the intestinal 
activity in control animals in which stripping had not been performed. 
The present investigation shows that the procedure is also undesirable 
because of its depressing effect on blood pressure. A fall in blood 
pressure following the procedure of stripping was constant and in many 
instances distinct, regardless of the duration of the obstruction prior 
to stripping. The duration of decrease in blood pressure varied from 
four to seventeen minutes and was usually progressively more marked 
during successive strippings. 

Observations on blood pressure in several clinical cases in our experi- 
ence in which stripping was employed unfortunately could not be satis- 
factorily or accurately interpreted, because in several instances the 
patient had received a spinal anesthetic, which may have been responsible 
for the fall in blood pressure. Our definite impression from clinical 
observations, however, is that stripping of the small intestine causes 
distinct lowering of blood pressure, which often necessitates the admin- 
istration of an infusion during or shortly after the procedure. 


CONCLUSIONS 


Relief from intestinal distention associated with mechanical obstruc- 
tion by stripping of the intestine has been recommended by some clini- 
cians and condemned by others who have had extensive and comparable 
experience in the observation and treatment of intestinal obstruction. 

The undesirable and considerable degree of lowering of blood pres- 
sure that usually accompanies or follows stripping of the small intes- 
tine in which obstruction was present has already been observed and 
reported by others. 

In the present experiments we observed that a fall in blood pressure 
consistently follows stripping. 

Because of the serious degree of vascular hypotension which stripping 
frequently causes and because of the undesirable effect on subsequent 
motor activity of the intestine and the increased danger of peritonitis 
incident to the employment of the procedure, we believe that stripping 
of the intestine is dangerous and should not be performed except when 
immediate evacuation of the bowel is necessary to permit replacement 
of the small intestine and closure of the abdominal cavity or to prevent 
kinks of the “water-hose” type. 
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MECHANICAL DECOMPRESSION OF THE INTESTINE 
IN TREATMENT OF ILEUS 


Il. EFFECT OF INTESTINAL ACTIVITY 


AMBROSE H. STORCK, M.D. 
AND 
ALTON OCHSNER, M.D. 


NEW ORLEANS 


The production of simple relief from block in cases of acute mechan- 
ical intestinal obstruction associated with pronounced distention is not 
followed by evacuation of the fluid and gaseous contents of the distended 
loops of intestine for at least many hours. For this reason it has 
occurred to many clinicians that it is sometimes advisable to perform 
enterostomy and to evacuate the contents of the distended bowel by 
stripping, or milking, at the time of operation, as illustrated in figure 1 
in the first paper in this series. Clinicians who have advocated the 
procedure expressed the belief that only by this means can the hydraulic 
vicious circle which develops in association with advanced intestinal 
obstruction be interrupted. On the other hand, physicians who are 
opposed to the method believe that more conservative measures are 
preferable and that the shock, the danger of peritonitis involved in 
such a procedure and the increase in absorption of toxins through the 
damaged mucosa which occurs after relief from intramural vascular 
strangulation make the procedure dangerous and inadvisable. 

In his studies on intestinal localization Monks * in 1903 demonstrated 
that almost the entire small intestine could be puckered, or gathered 
up, on a 1 foot (30 cm.) segment of a rod introduced into the lumen 
of the intestine. Bottomley’ credited Monks with the suggestion of 
the use of a glass tube introduced through an opening in the bowel 
for the purpose of evacuating the contents of the distended intestine, 
but he added: “In my own experience the successful employment of 
this procedure is not very easy.” Among clinicians who have advocated 
treatment for distention and evacuation of the contents of the bowel 


From the Department of Surgery, the Tulane University of Louisiana School 
of Medicine. 

1. Monks, G. H.: Intestinal Localization, Tr. Am. S. A. 21:412, 1903; Ann. 
Surg. 38:574, 1903. 

2. Bottomley, J. T.: Diseases and Injuries of the Jejuno-Ileum and Its Mesen- 
tery, in Ochsner, A. J.: Surgical Diagnosis and Treatment, Philadelphia, Lea & 
Febiger, 1921, vol. 3, p. 77. 
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by means of enterostomy and stripping is Holden,* who expressed the 
belief that the imprisoned intestinal contents above the obstruction 
should be removed at the time of operation. Van Zwalenburg * expressed 


his conception of the problem and the rational course of action as 
follows : 


Does not the procedure of Holden seem reasonable and encouraging? By 
gently emptying the bowel he relieves the circulation, restores normal capillary 
function more promptly, and removes toxic and infective material. Prompt res- 
toration of adequate circulation is the important result. It is obvious that he 


must avoid trauma. When carefully done there should be little shock from this 
procedure. 


Moynihan * expressed his opinion in favor of evacuation of the 
contents of the distended bowel at the time of operation thus: 


No operation for acute obstruction can be considered complete which leaves an 
intestine, whose function it is to absorb, over-distended by contents of an offensive 
and poisonous nature. To empty the bowel of its faeculent contents is not to add 
a danger to the operation by reason of the opening and subsequent suture, but to 


remove, at the cost of a trifling expenditure of time, that condition which makes 
most speedily for failure. 


Although Moynihan * did not advocate stripping, he suggested that 
evacuation of the bowel should be accomplished by drawing the dis- 
tended bowel onto a long glass enterostomy tube, a procedure which 
in practice frequently involves almost as much manipulation of the 
intestine as does stripping. Cheever ® strongly advocated stripping and 
asserted that the importance of immediate relief from distention is so 
great that he recommended evisceration and evacuation of the contents 
of the bowel in the treatment of mechanical obstruction and even, in 
some cases, of ileus associated with peritonitis. 

Lawen* showed that the procedure of stripping involves trauma 
which results in cardiovascular disturbance, including fall in blood pres- 
sure. We have been able to corroborate these findings in collateral 
experiments which will be described later. Many clinicians have 
expressed the belief that the procedure of stripping is inadvisable not 
only because of the associated shock but because of the damage to the 
bowel itself. Among the investigators who have condemned the method 


3. Holden, W. B.: Surgical Treatment of Acute Intestinal Obstruction, 
Surg., Gynec. & Obst. 50:184, 1930. 

4. Van Zwalenburg, C.: Hydraulic Vicious Circle as It Develops in the 
Intestine: Effect of Intraintestinal Pressure on the Pathology and Physiology of 
the Bowel, Am. J. Surg. 18:104, 1932. 

5. Moynihan, Berkeley: Abdominal Operations, ed. 4, Philadelphia, W. B. 
Saunders Company, 1926, vol. 1. 

6. Cheever, David: Operative Evacuation of the Small Intestine in Paralytic 
Stasis, New England J. Med. 207:1125, 1932. 

7. Lawen, A.: Zur Operation des Ileus, Zentralbl. f. Chir. 54:1037, 1927 


q 
l 
1 
1e 
ur q 

od 
on 
rel 
1e, 
of 
ed 
vel 
ool : 
en- 


672 ARCHIVES OF SURGERY 


is Morton,® who stated that emptying a distended loop of toxic material, 
even with the slightest manipulation, causes damage to the friable 
mucosa, hemorrhage and absorption of toxin. He stated: 


We think that stripping the bowel is a very dangerous procedure and have 
evidence that it acts the same in human cases as it does in animals. . . . If 
one strips the small intestine of a normal animal . . . the carotid blood pressure 
sinks but recovers again and in forty-five minutes returns to its normal. When 
the same thing is done after an ileus of twenty-four hours’ duration, the blood 
pressure [falls] . . . and shows little tendency to return. A proportion of 
these animals quickly die. 


Blalock,® in discussing the mechanism of the production of shock, 
stated : 

One of the most frequently used methods of producing shock experimentally 
consists of traumatizing the intestines. In experiments on twelve dogs, this was 
done by passing the intestines gently between the fingers. This was continued 
until a sustained low blood pressure resulted. A copious weeping of fluid fol- 
lowed the exposure and handling of the intestines. The fluid had approximately 
the same composition as the blood plasma. . . . These results indicate that 
the loss of fluid from and into the traumatized intestine was responsible for the 
decline in the blood pressure. 


The alterations in intestinal motility cccurring in association with 
acute obstruction of the small intestine, as has been shown by Hen- 
derson,’® Van Zwalenburg,* Van Beuren* and others, are intimately 
related to, or dependent on, distention of the intestines. In acute mechan- 
ical obstruction a vicious circle is quickly produced by the following 
means: As a result of the mechanical block the gas and fluid normally 
contained within the intestine accumulate, and distention of the bowel 
occurs. As a result of the intestinal distention there occur increased 
secretion into and decreased absorption from the intestine. When the 
intra-intestinal pressure and distention of the bowel become marked, 
as was first emphasized by Van Zwalenburg,* the vessels within the wall 
of the intestine become stretched and compressed, resulting in inter- 
ference with the blood supply. Dragstedt, Lang and Millet '* showed 


8. Morton, J. J.: The Treatment of Ileus as Indicated by Clinical Experience 
and Experimental Studies, Ann. Surg. 95:856, 1932. 

9. Blalock, Alfred: The Mechanism of the Production and the Treatment of 
Shock, J. M. A. Alabama 1:94 (Sept.) 1931. 

10. Henderson, V. E.: Studies in Peristaltic Fatigue, Am. J. Physiol. 66:380, 
1923. 

11. Van Beuren, F. T., Jr.: Enterostomy in Acute Ileus—the Time Element: 
A Preliminary Report, Am. J. Surg. 1:285, 1926. 

12. Dragstedt, C. A.; Lang, V. F., and Millet, R. F.: The Relative Effects 
of Distention on Different Portions of the Intestine, Arch. Surg. 18:2257 (June) 
1929. 
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that there is considerable variation in the intramural blood supply of 
various parts of the intestine and that owing to this anatomic variation 
pressure within the bowel exerts varying influences on the blood supply, 
as is shown in figure 1. The interference with blood flow is greatest 
in the duodenum, where the vasa recta for much of their extent are 
situated internal to the muscular layers and can readily be compressed 
by increased intra-intestinal pressure, and is least in the colon, where the 
vasa recta for a greater portion of their extent lie external to the mus- 
cular coats and are less susceptible to compression by intra-intestinal 
pressure. 

Kocher ** in 1899 showed that pressure of gas within the lumen of 
the intestine may interfere with circulation and cause gangrene of the 
wall of the bowel. Van Zwalenburg ** in 1907 made observations on 


Fig. 1—Diagrammatic representation of the variations in the points of entrance 
of blood vessels into the intestinal wall (a, c and d), based on the observations of 
Dragstedt, Lang and Millet?2 and Morton. Narrowing and compression of the 
blood vessels occur when the intestine becomes distended, as shown in the illus- 
tration (b). Less intra-intestinal pressure is required to cause intramural vas- 
cular strangulation in the duodenum because the duodenal vessels pierce the mus- 
cular coats near the mesenteric border and throughout almost their entire length 
are subjected to compression by the muscularis. Much greater intra-intes- 
tinal pressure is required to cause intramural strangulation in the colon, the vasa 
recta of which do not pierce the muscularis until they reach nearly the antimesen- 
teric border. 


the effect of varying intra-intestinal pressures on the blood flow in the 
wall of the bowel. He found that at a pressure of 30 mm. of mercurv 


13. Kocher, T.: Ueber Ileus, Mitt. a. d. Grenzgeb. d. Med. u. Chir. 4:195. 
1899; cited by Gatch, Trusler and Ayers.*® 

14. Van Zwalenburg, C. A.: Strangulation Resulting from Distention of Hol- 
low Viscera, Ann. Surg. 46:780, 1907. 
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some capillary streams were arrested, at a pressure of 60 mm. the cur- 
rent was arrested in small veins and slowed in most of the veins, at 
a pressure of 90 mm. all the blood streams moved slowly and many 
currents changed direction frequently and at a pressure of 130 mm. 
there was oscillation of corpuscles but all circulation had ceased. 

He came to the following conclusions at that time: 


The demonstration seems complete that distention of the gut (or of other 
hollow viscera) interferes with the circulation in its wall and allows infiltration 
and effusion to take place into its wall and lumen and any other open spaces which 
may come within its influence. The return circulation is retarded at comparatively 
slight pressures. Effusion follows, as in all obstructions to venous flow. As the 
average venous pressure in the intestine under ordinary circumstances probably 
varies from 4 to 10 mm. of mercury, any pressure beyond that will offer some 
resistance to the return current. 


Gatch, Trusler and Ayers ** studied intestinal distention in relation 
to circulation in the bowel by recording the effect of this distention on 
the rate of blood flow in the veins. They showed that the blood flow 
through the wall of the bowel decreases as the distention increases and 
that it ceases when the pressure within the bowel equals the systolic 
blood pressure. Burget, Martzloff, Suckow and Thornton ’® formed 
a subcutaneous closed intestinal loop with an intact mesentery. After 
varying periods the pressure within the loop was determined and was 
decreased by aspirating the contents. Various portions of the intestine 
were used for the production of the loop. It was found that the amount 
of pressure in the closed loops varied from 0 to 36 cm. of water. The 
high pressures recorded within the first few days following operation 
were considered to be capable of arresting intramural circulation. A 
loop markedly distended by a pressure of from 25 to 30 mm. of mercury 
had its circulation practically blocked. This was evidenced by necrosis 
in the antimesenteric border of the loop. The average high pressure 
was 39.5 cm. of water. The clinical manifestations in the dogs in this 
series were not marked when the pressure was low, but the animals did 
not appear to be lively and refused food if the loop was distended. 
Krogh ** stated that when stasis occurs, even in spite of free venous 
outflow, filtration of plasma is rapid, and Miller ** expressed the opinion 


15. Gatch, W. D.; Trusler, H. W., and Ayers, K. D.: The Effects of Gaseous 
Distention on Obstructed Bowel: Incarceration of Intestines by Gas Traps, Arch. 
Surg. 14:1215 (June) 1927. 

16. Burget, G. Z.; Martzloff, K.; Suckow, G., and Thornton, R. C. B.: The 
Closed Intestinal Loop: I. Relation of Intraloop (Jejunum) Pressure to the 
Clinical Condition of the Animal, Arch. Surg. 21:829 (Nov.) 1930. 

17. Krogh, A.: Anatomy and Physiology of Capillaries, New Haven, Conn., 
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that hyperemia of the intestinal wall in the early stage of obstruction 
results in increased intestinal secretion. Owings and his associates * 
observed that the pressure after twenty-four hours in isolated duodeno- 
jejunal loops was 50 cm. of water. Morton * found that, whereas the 
normal intra-intestinal pressure varies from 2 to 4 cm. of water, after 
obstruction had been present for twenty-four hours the pressure within 
the duodenum and the ileum had increased from 28 to 36 cm. and from 
4.5 to 5 cm., respectively. The reason for the relatively greater increase 
in the intraduodenal pressure is that the function of the duodenum 
is largely secretory whereas that of the ileum is principally absorptive. 
Morton * found that the duodenum secretes from five to ten times as 
much fluid as the ileum in a given period. As a result of this activity 
and also because of the presence of the biliary and pancreatic secretions 
in the upper portion of the intestine, the intra-intestinal pressure within 
the duodenum and the upper portion of the jejunum is much greater 
than that in the ileum. Herrin and Meek *° studied the effect of dis- 
tention in dogs with varying types of fistulas. On distending the intes- 
tines by means of a balloon inflated to a pressure of from 80 to 90 mm. 
of mercury, they noted a marked increase in the secretion from the 
fistulas. As much as 500 cc. of fluid was formed in a fistula 20 cm. 
long during the course of twenty-four hours. They stated that “dis- 
tention is a strong stimulus to intestinal secretion and in obstruction 
this must work in a vicious circle.” Raine and Perry ** concluded that 
diminishing intra-intestinal pressure in an obstructed bowel prolongs 
the life of rabbits because it diminishes secretion and promotes reab- 
sorption. 

Henderson,"* using sections of the intestine of the guinea-pig placed 
in Ringer’s solution, found that responses in the form of peristaltic 
movements occurred with increases in pressure of from 15 to 25 mm. 
of water. If the pressure was maintained failure of these peristaltic 
movements occurred sooner or later. If when the movements ceased 
the pressure was lowered, the intestine, after a period of rest, again 
responded on increasing the pressure to the point which stimulated 
peristalsis. However, if pressure was maintained peristaltic failure was 
absolute in some cases, or if movements were present they tended to 


19. Owings, J. C.; McIntosh, O. A.; Stone, H. B., and Weinberg, J. A.: Intra- 
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become shorter and to occur at longer intervals, and irregularities in 
the movements often appeared. In his conclusions Henderson *° stated : 
Peristaltic failure is not due to a failure of the activity of the musculature alone 


as there is evidence which suggests that some, in part at least, is due to fatigue 
of the nerve net. 


Hotz,”* using rabbits, opened a loop of bowel and replaced it in the 
abdomen. Twenty-four hours later, after peritonitis had developed, with 
the animal under anesthesia the loop of bowel was withdrawn from 
the abdominal cavity and placed in a bath of salt solution. Careful 
observations concerning the activity of the loop showed that the muscle 
of a loop treated in this way continued to contract rhythmically even 
when peritonitis was so severe that the serous coat was covered with 
a thick layer of pus. Rhythmic contractions ceased only after the bowel 
had for several hours been distended with gas. Hotz ** concluded, there- 
fore, that injury to the muscle in peritonitis is due not to toxins but 
to distention by gas. The gas accumulates when absorption is impaired. 
Alvarez and Hosoi,”* in discussing the effects of distention, referred 
to the observation of Usadel,?* who showed that distention of the intes- 
tine compresses not only the arterioles that bring necessary blood to 
the muscle but the venules of the portal system, which normally carry 
the gas away as fast as it is formed. They concluded that once gaseous 
distention and muscular paralysis appear they are likely to become pro- 
gressively worse through the formation of a vicious circle. 

Hartwell, Hoguet and Beeckman** and Murphy and Brooks *° 
emphasized that toxic materials are not readily absorbed by the normal 
mucosa. Stone ** discussed the selective absorptive power of normal 
mucosa and referred to the not infrequent occurrence of death, appar- 
ently due to toxemia, occurring soon after relief of an obstruction which 
had existed for sufficient time to cause considerable distention. He 
expressed the belief that, since it has been shown that toxic material 
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entering the empty, collapsed normal bowel below the obstruction is 
not absorbed there, the mechanism under such circumstances is as fol- 
lows: The production of relief of the obstruction and the consequent 
fall in intra-intestinal pressure may permit rapid return of circulation 
through the wall of the bowel, which may carry into the general circu- 
lation poisonous material that has entered the wall of the intestine 
during the period when it was distended. According to his explanation, 
he apparently assumed that transperitoneal absorption, presumably occur- 
ring during distention, is of less overwhelming nature than absorption 
via the mesenteric blood and lymph vessels after the distention is 
relieved. Dragstedt, Dragstedt, McClintock and Chase ** concluded that 
injury to the mucosa of the intestine, particularly that resulting from 
disturbance of the blood supply to the intestine, greatly facilitates the 
absorption of poisons. The factor of distention in short closed intestinal 
loops is of paramount importance in the production of the toxemia, 
since if the distention is prevented toxemia does not occur in the major- 
ity of cases. Dragstedt *® stated that the toxemia and the decrease in 
concentration of blood chlorides are dependent on distention of the 
closed intestinal segment. If this distention is relieved by aspiration of 
the fluid within the segment toxemia is relieved, and there occurs a 
proportionate return in the concentration of blood chlorides toward the 
normal level. Stone and Firor,*® commenting on a group of experiments 
concerning the effect of distention on absorption due to obstruction of 
the bowel, pointed out that india ink, like the toxins from obstructed 
loops, is not absorbed when injected into the lumen of the normal bowel, 
that it is not absorbed when the lumen is narrow and. kinked but is 
still patent but that it is absorbed when complete obstruction exists for 
even such a short period that the animal does not succumb to the obstruc- 
tion. In another series of experiments living excised loops of the lower 
portion of the duodenum and the upper part of the jejunum obtained 
from dogs were suspended in flasks of Ringer’s solution. Observations 
were made concerning the toxicity of the solution in which the loops 
were suspended, and the findings indicated that toxin does not pass 
through a suspended living loop of bowel without some increase in 
intra-intestinal pressure. Gatch *' showed experimentally that, while 
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distention of the bowel prevents or diminishes direct absorption into the 
blood stream, it proportionately increases absorption by way of the peri- 
toneum, because effusion can take place more readily through a thin and 
damaged intestinal wall than through a wall which is not injured and 
is of normal thickness. He further stated that absorption decreases as 
circulation through the bowel decreases until, with the onset of gangrene, 
all absorption must be transperitoneal. Since observers are agreed that 
the toxins from an obstructed bowel are slowly absorbed through intact 
mucosa and since injury of the mucosa does not occur until a rather 
high degree of distention has been reached, which would interfere with 
the circulation of the intestinal wall, it follows that the chief route of 
absorption must be transperitoneal and that the chief absorption of 
toxins in intestinal obstruction occurs rather late in the course of the 
disease, after well marked distention of the bowel has occurred. Van 
Beuren ** studied the pathologic changes occurring in distended loops 
of bowel and observed that the characteristic feature was areas of hem- 
orrhagic infarction on the antimesenteric surface of the intestine, varying 
from simple infarction to perforation, depending on the duration of 
the distention. The mechanism of this infarction appears to be as 
follows: Distention of the intestine increases its diameter. Any increase 
in its diameter is tripled by the increase in its circumference. In other 
words, if the diameter of the intestine is increased from 1 to 3 cm. 
by distention its circumference is at the same time increased from 3 to 
9cm. Thus, the difference in the diameter is only 2 cm. whereas the 
difference in circumference is 6 cm. A moderate increase in diameter 
therefore results in considerable stretching of the wall. The intestinal 
vessels pass between the layers of the wall along its circumference from 
their origin at the mesenteric border to their terminal anastomoses at 
the antimesenteric surface, the walls becoming progressively thinner and 
the lumen narrower. Because the vessels are elastic, the stretching 
of the intestinal wall due to distention still further thins the wall of the 
vessel and narrows the lumen, an effect similar to that produced by 
stretching a rubber tube. At the same time the pressure from within 
the intestine tends to flatten the lumen of the vessel. The thinning of 
the vascular wall is maximal at the antimesenteric surface of the intes- 
tine where the terminal anastomoses occur, and the intra-intestinal pres- 
sure being uniform throughout the lumen of the intestine, the maximum 
effect occurs at the antimesenteric surface, where the combination of 
the factors—the pressure, the thin wall and the narrow lumen—finally 
results in obliteration of the vessel. This obliteration occurs sooner 


32. Footnote deleted by author. 


33. Van Beuren, F. T.: The Mechanism of Intestinal Perforation Due to 
Distention, Ann. Surg. 83:69, 1926. 
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in the vein than in the artery on account of the lessened resistance of 
the wall and the lower venous pressure. The blood continues to flow 
through the arteries until the pressure against the obliterated vein suf- 
fices to rupture the wall of the vessel and permit extravasation and 
coagulation. Finally, the artery as well as the vein is occluded. The 
area of tissue supplied by these terminal vessels is thus deprived of 
circulation, and necrosis occurs. This necrosis is usually first evident 
in the submucosa and inner muscular coat but rapidly extends to the 
other coats of the intestinal wall, and perforation may occur within 
twenty-four hours after the discoloration due to the hemorrhagic infarct 
was first noticed. Hofmann ** expressed agreement with Van Beuren ** 
in regard to the effect of distention of the bowel on the blood supply 
to the intestinal wall and stated that in addition to the overfilling of the 
vessels marked edema, especially of the submucosa and tunica propria, 
occurs. He observed the circular muscle fibers to be edematous, whereas 
the longitudinal muscles and serosa were scarcely affected. Transudation 
occurred into the lumen of the intestine. In cases of long-standing 
involvement, there resulted hemorrhagic infarcts, especially in the sub- 
mucosa, and the intestinal wall became friable. Hematoma was likely 
to result. Occasional thrombosis of the submucous veins could be noted. 
The changes in the intestinal wall were dependent on the amount of 
distention. Necrosis at times was followed by ulceration. 


In this review of the literature it is evident that distention plays 
an important part in interfering with intestinal motility by the following 
means: (1) in the early stages it causes fatigue through stretching of 
the muscles; (2) in the intermediate stages it causes interference with 
the blood supply to the muscles, with resulting anoxemia of the bowel, 
and (3) in the terminal stage it causes actual necrosis of the musculature. 


When intra-intestinal pressure is of such degree or duration that 
the intestinal musculature is damaged or the activity of the intestine 
interfered with, the vicious circle of which this is a result must be 
interrupted in order that viability of the intestinal musculature may 
be maintained. This imperative relief from distention may be accom- 
plished by simple enterostomy or by mechanical evacuation of the 
contents of the bowel by stripping, after formation of an enterostomy 
opening. Obviously, intestinal distention, with its detrimental effects 
on the intestinal vascularity and activity, must be relieved, and theo- 
retically any procedure which accomplishes this should be desirable. It 
would seem therefore that the procedure of intestinal stripping in the 
treatment of acute intestinal obstruction would be not only permissible 
but desirable. The variations in such factors as the site and the dura- 


34. Hofmann, M.: Das Verhalten des Darmes bei Incarceration, insbesondere 
an den Schniirfurchen, Beitr. z. klin. Chir. 54:85, 1907. 


f 
1. 
le 
al 
m 
at 
id 
1g 
he 
by 
‘in 
of 
m 
of 
ly 
1er 


680 ARCHIVES OF SURGERY 


tion of the obstruction encountered in clinical experience make it difficult 
to evaluate the procedure of stripping on the basis of observations made 
on man. We have employed the procedure in sixteen clinical cases 
of ileus associated with pronounced distention, but because of the many 
variables present in these cases it is difficult to draw any definite con- 
clusions concerning the value of stripping on the basis of the observa- 
tions. Because of the inconclusive results obtained in the clinical cases 
in our series and the conflicting clinical reports an attempt was made 
to evaluate the results of stripping of the distended loops of bowel 
in experimentally produced ileus. Whereas Lawen* and Morton * had 
previously shown that stripping of the distended intestine causes a fall 
in blood pressure during and immediately after the manipulation, no 
one had demonstrated either clinically or experimentally what happens 
to the intestine after the stripping. Theoretically, aside from the trauma, 
the activity of the intestine should be greater after the emptying of the 
distended loops, since the intramural blood supply should be better. 

In order to determine the relative values of simple relief and relief 
by intestinal stripping in the treatment of ileus, the present investigation 
was undertaken. It is concerned with observations on intestinal activity 
twenty-four hours after the production of simple relief and relief sup- 
plemented by intestinal stripping in instances of mechanical obstruction. 
The observations were made on animals with low simple obstruction, 
as it is for this type that the procedure of stripping has been most 
frequently advocated and applied. Dogs were used, and mechanical 
obstruction of the lower portion of the ileum was produced. In one 
group of experiments the effect of stripping of the bowel on blood 
pressure was determined, and in another group the motor activity of 
the bowel was studied twenty-four hours after the relief of the obstruc- 
tion. Our observations on the effect of stripping on blood pressure are 
reported in detail in the first paper in this series, but one of the kymo- 
graphic tracings showing the effect of stripping in the lowering of blood 
pressure is shown in figure 2 of that paper. 

In one group of experiments in which the motor activity of the 
dog’s intestine was studied twenty-four hours after relief of complete 
simple intestinal obstruction, only simple relief of the obstruction was 
produced, while in another group, in addition to relief of the obstruction, 
the contents of the entire small bowel were evacuated and distention 
was immediately relieved by performing an enterostomy and stripping 
out the fluid and gaseous contents above the site of obstruction. Obser- 
vations in both groups were made on animals in which the obstruction 
had existed for periods varying from forty-eight to one hundred and 
forty-four hours. 
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EXPERIMENTAL INVESTIGATION 


Methods.—With the use of ether anesthesia and aseptic technic, complete simple 
intestinal obstruction was produced in dogs by tying a piece of cotton tape around 
the terminal portion of the ileum just tight enough to obliterate the lumen of the 
intestine. The abdomen was then closed in layers. The animals, which had had 
nothing but water for twelve hours prior to this procedure, were given no fluid or 
food by mouth after the production of obstruction. Fluids, electrolytes and dex- 
trose were supplied by daily infusions of from 400 to 450 cc. of a 5 per cent 
solution of dextrose in normal lactate-Ringer solution. 

At periods varying from forty-eight to one hundred and forty-four hours after 
the production of obstruction the animals were again anesthetized and the abdomen 
reopened. At this second operation simple relief of the obstruction was produced in 
one group of animals by merely untying and removing the constricting tape, after 
which the abdomen was closed. In the other group, before the obstructing tape 
was removed, a no. 32 Pezza catheter was introduced through an opening in the 
terminal portion of the ileum at a level of from 5 to 8 cm. proximal to the site of 
obstruction. The catheter was held in place and leakage prevented by means of a 
purse-string suture. The entire small intestine was then eviscerated, and the loops 
were surrounded with gauze sponges saturated with warm physiologic solution of 
sodium chloride. Beginning at the upper end of the jejunum, the contents of the 
entire small intestine distal to this level were evacuated through the enterostomy 
tube by stripping. This was accomplished by drawing the intestine between the 
index and middle fingers while these fingers were kept in sufficiently close apposi- 
tion to coapt the walls of the bowel, so that as the intestine was drawn between the 
fingers the contents would flow into the lower segments of the small intestine and 
finally be discharged through the enterostomy tube. After completion of the strip- 
ping the enterostomy tube was removed, care being taken to avoid spillage and 
peritoneal contamination. The opening in the intestine was closed; the constricting 
tape was removed, and the abdominal wall was reclosed. 

Twenty-four hours after the procedures just described, i. e., production of 
simple relief of obstruction or production of relief of obstruction and stripping 
of the intestine, the animals were again anesthetized and prepared so that kymo- 
graphic tracings could be made showing simultaneously changes in blood pressure, 
respiratory activity and intestinal activity, according to the technic described by 
Ochsner, Gage and Cutting.25 The changes in blood pressure were recorded by 
means of a recording mercury manometer connected with a cannula introduced 
into the common carotid artery on one side, the rubber tubing connecting the 
manometer with the cannula being filled with a solution of sodium citrate in order 
to prevent or minimize coagulation of blood in the recording apparatus. The 
intestinal activity was recorded by means of a Maury tambour connected with 
a thin rubber balloon introduced into the lumen of the ileum. 

Observations were made after the injection into the external jugular vein of 
uniform amounts (10 cc.) of lactate-Ringer solution of twenty times the normal 
concentration. The effective peristalsis-stimulating property of this solution has 
been demonstrated and described by Ochsner, Gage and Cutting *5 in their studies 
concerning the effect of hypertonic salt solutions on intestinal motility in obstruc- 
tion of the intestine. 


35. Ochsner, Alton; Gage, I. M., and Cutting, R. A.: Influence of Hypertonic 
Salt Solutions on the Motility of Normal and of Obstructed Intestine: An 
Experimental Study, Arch. Surg. 27:742 (Oct.) 1933. 
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Sixty-nine animals were used in these experiments. Five animals were used 
for observations on the effect of intestinal stripping on blood pressure. Twenty- 
eight animals died before observations on intestinal motility could be made. In 
most instances death was due to peritonitis resulting from rupture of the intestine, 
and occurred in animals in which obstruction had been present for seventy-two 
hours or longer. Several animals died of pneumonitis. Two were killed after 
one hundred and forty-four hours and were not used because of the slight degree 
of intestinal distention. The observations made on one animal were not included 
because of a persistent leak in the recording apparatus. Thirty-three animals were 
used in making observations concerning intestinal motility. Forty-six observations 
were made on fifteen animals in which simple relief of the obstruction was effected. 
Sixty-two observations were made on eighteen animals in which both relief of the 
obstruction and stripping were effected. 
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Fig. 2.—Graphic representation of intestinal activity twenty-four hours after 
relief of intestinal obstruction which had existed for forty-eight hours. Both 
in the animals in which simple relief was produced (two observations) and in the 
animals in which relief of obstruction was obtained by stripping (two observa- 
tions), there was an increase in activity following the intravenous administration 
of 10 cc. of twenty times normal lactate-Ringer solution in 100 per cent of the 
animals. In this chart and in the charts in figures 5, 8, 11 and 14 the values for 
the animals in which simple relief was produced are indicated by black areas and 
those for the animals in which relief from obstruction was produced and stripping 
done by areas of cross-hatching. The average increase in tone for the two groups 
was 9.5 and 85 mm., respectively; the average increase in amplitude, 0.75 and 
0.5 mm., respectively, and the average duration of the increase in activity, 30 and 
26.5 minutes, respectively. 


Results—In the group of experiments in which observations were 
made concerning the effect of stripping on blood pressure, the obser- 
vations of Lawen* and Morton * were corroborated. Ten observations 
were made on two animals, and a fall in blood pressure consistently 
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occurred after stripping. We have observed this hypotension in clinical 
cases during or after stripping and have on several occasions found it 
necessary to combat the fall in blood pressure with infusions while 
the patient was on the operating table. 

The following results in regard to the motor activity of the intestine 
were obtained after intestinal stripping and after simple relief of intes- 
tinal obstruction: 

In the group of animals in which obstruction had existed for forty-eight hours 
the intravenous injection of concentrated lactate-Ringer solution twenty-four hours 
after the relief of the obstruction invariably resulted in an increase in intestinal 
activity, both in the group in which simple relief of the obstruction had been 
effected and in the group in which stripping of the intestine had been performed. 
The average increases in intestinal tone and amplitude of the peristaltic movements 
and the average duration of increased intestinal activity were greater in the group 
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Fig. 3.—Kymographic tracing showing intestinal activity twenty-four hours 
after mechanical relief by stripping of an intestinal obstruction which had been 
existent forty-eight hours. As shown by the arrow at the left, 10 cc. of twenty 
times normal lactate-Ringer solution was given intravenously. Following this 
there was increase in tone in the intestine (ileum), which persisted throughout the 
experiment. The increased tone, however, was not marked at any time. 


of animals in which simple relief of obstruction was produced than in the group 
in which intestinal stripping (fig. 2) was performed. In the group in which 
obstruction had been present for forty-eight hours, twenty-four hours after simple 
relief of the obstruction and immediately after intravenous administration of the 
hypertonic salt solution, there was increase in the activity of the intestine in all 
(100 per cent) of the animals (two observations). The average increase in intes- 
tinal tone was 9.5 mm., the average increase in amplitude 0.75 mm. and the average 
duration of increased activity thirty minutes. In the group of animals in which 
stripping was performed (two observations) there was increase in the activity of 
the intestine in 100 per cent of the instances; the average increase in tone was 
8.5 mm., the average increase in amplitude 0.5 mm. and the average duration 
twenty-six and a half minutes. 
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The results in these groups of experiments demonstrate that there 
is intestinal motility twenty-four hours after the relief of obstruction 
which had been present forty-eight hours, both in the animals in which 
simple relief of the obstruction was effected and in the animals in which 
the intestine was also stripped. After the intravenous injection of hyper- 
tonic salt solution the intestinal activity was increased in every instance 
in both groups. There was, however, a difference in the two groups 
as regards the character of the response; i.e., in the first group the 
increase in intestinal activity was greater and the action more prolonged 
than in the second group. Examples of the kymographic tracings 


Fig. 4—Kymographic tracing showing intestinal activity twenty-four hours 
after simple relief of an intestinal obstruction of forty-eight hours’ duration. As 
shown by the arrows, as little as 3 cc. of twenty times normal lactate-Ringer 
solution produced increase in the tone of the intestine (ileum), which became more 
marked as the quantity injected was increased to 10 cc. 


obtained for the animals in which obstruction had been present for 
forty-eight hours are shown in figures 3 and 4. 


Eighteen observations were made on animals in which obstruction had existed 
for seventy-two hours, seven of which were made on animals in which simple relief 
had been produced and eleven on animals in which stripping and relief of the 
obstruction (fig. 5) had been carried out. In the first group there were increase 
in intestinal activity in 85.7 per cent of the instances and no change in activity in 
14 per cent; the average increases in tone and amplitude of movement were 11.8 
and 0.83 mm., respectively, and the average duration of the increased intestinal 


4 
4 
BP. 
3CC. 1OCC. 


for 


sted 

the 
ease 
y in 
11.8 
final 


STORCK-OCHSNER—ILEUS 685 


activity was twenty and six-tenths minutes. In the second group of animals, in 
which the intestine had been stripped, the intestinal activity was increased in 
81 per cent of the instances, was not changed in 9 per cent and was decreased 
in 9 per cent. The average increases in tone and amplitude of movement were 16.7 
and 1 mm., respectively. The average duration of increased activity was eighteen 
and eight-tenths minutes. 


The results obtained for the animals in the two groups in which 
obstruction had existed for seventy-two hours show a higher percentage 
of instances in which intestinal activity was increased and a longer dura- 
tion of the increased activity in the animals in which simple relief of 
the obstruction was secured. The increases in tone and amplitude of 
movement in the animals in this group were slightly less than those in 
the animals in which stripping of the intestine had been performed. 
Figures 6 and 7 show kymographic tracings made from animals in the 
group in which obstruction had been present for seventy-two hours. 
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Fig. 5.—Graphic representation of intestinal activity twenty-four hours after 
relief of an obstruction of seventy-two hours’ duration, following the intravenous 
administration of 10 cc. of twenty times normal lactate-Ringer solution. For the 
group in which simple relief was produced, seven observations were made, and 
for the group in which stripping was performed, eleven observations were made. 


Thirty-four observations were made on animals in which intestinal obstruction 
had been present for ninety-six hours, thirteen of which were on animals in which 
simple relief of the obstruction was produced and twenty-one on animals in which 
relief of the obstruction and stripping of the intestine were carried out (fig. 8). 
In the first group of observations the intestinal activity was increased in 76.9 per 
cent of the instances and was not changed in 23 per cent. The average increases 
in tone and amplitude of intestinal movement were 17.9 and 0.8 mm., respectively. 
The average duration of the intestinal activity was seventeen and four-tenths min- 
utes. In the second group of observations, on animals in which the intestine was 
stripped, the intestinal activity was increased in 76.1 per cent of the instances, was 
not changed in 19.4 per cent and was decreased in 4.2 per cent. The average 
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increases in intestinal tone and amplitude of movement were 5.7 and 0.6 mm., 


respectively. The duration of the increased activity was thirteen and seven-tenths 
minutes. 


con- 


The percentages of instances in which activity was increased were 
about the same in the two groups of animals. The particular difference 
between the two groups was the greater average increase (17.9 mm. 
as compared with 5.7 mm.) in intestinal tone in the group in which 
simple relief of the obstruction was produced than in the group in which 
stripping was performed. The duration of the increased activity was 
longer in the former group (seventeen and four-tenths minutes) than 
in the latter group (thirteen and seven-tenths minutes). Kymographic 
tracings made on two of the animals in the group in which obstruction 
was present for ninety-six hours are shown in figures 9 and 10. 
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Fig. 8.—Graphic representation of intestinal activity twenty-four hours after 
obstruction of ninety-six hours’ duration, following the intravenous administration 
of 10 cc. of twenty times normal lactate-Ringer solution. For the group in which 
simple relief was produced, thirteen observations were made, and for the group 
in which stripping was also performed, twenty-one observations were made. 


As shown in the 


Seventeen observations were made on animals in which obstruction had been 
present for one hundred and twenty hours, eight of which were on animals in 
which simple relief was produced and nine on animals in which relief of the 
obstruction and stripping of the intestine were effected (fig. 11). In the first 
group the intestinal activity was increased in 87.5 per cent of the instances and 
was not changed in 12.5 per cent. The average increases.in intestinal tone and 
amplitude of intestinal movement were 24 and 3.3 mm., respectively. The average 
duration of the increased activity was twenty-two and one-tenth minutes. In the 
second group of animals, in which the intestine was stripped, the intestinal activity 
was increased in 88.8 per cent of the instances and was not changed in 11.1 per 
cent. The average increases in tone and amplitude of movement were 11.5 and 


0.8 mm., respectively. The average duration of the increased intestinal activity 
was twenty-one and three-tenths minutes. 
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Fig. 7—Kymographic tracing 
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Fig. 10—Kymographic tracing 
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In the two groups in which obstruction had existed for one hundred 
and twenty hours the percentage of instances in which intestinal activity 
was increased were about the same. There was, however, considerable 
difference in the character of the response of the intestine; i. e., the 
average increases in tone and amplitude of movement in the group in 
which simple relief of the obstruction was effected were 24 and 3.3 mm., 
respectively, whereas in the group in which the intestine was stripped 
these values were 11.5 and 0.8 mm., respectively. Examples of kymo- 
graphic tracings for this group are shown in figures 12 and 13. 


Thirty-five observations were made on animals in which intestinal obstruction 
had been present for one hundred and forty-four hours, sixteen of which were 
on animals in which simple relief was produced and nineteen in animals in which 
relief of the obstruction and stripping of the intestine were carried out (fig. 14). 
In the first group the intestinal activity was increased in 87.5 per cent of the 
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Fig. 11—Graphic representation of intestinal activity twenty-four hours after 
obstruction of one hundred and twenty hours’ duration, following the intravenous 
administration of 10 cc. of twenty times normal lactate-Ringer solution. For the 
group in which simple relief was produced, eight observations were made, and 
for the group in which stripping was also performed, nine observations were made. 


instances and was not changed in 12.5 per cent. The average increases in intes- 
tinal tone and amplitude of movement were 9.2 and 2.8 mm. The average duration 
of the increased intestinal activity was nineteen and one-tenth minutes. In the 
second group the intestinal activity was increased in 94.7 per cent of the instances 
and was not changed in 5.3 per cent. The average increases in tone and amplitude 


of movement were 10 and 1.5 mm., respectively. The average duration of increased 
activity was twelve minutes. 


In the groups in which obstruction had been present for one hundred 
and forty-four hours there was a slighter increase in intestinal activity 
in the group in which stripping was performed than in the group in 
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which simple relief of the obstruction was produced. The average 
increase in tone (10 mm.) in the first group was slightly higher than 
that (9.2 mm.) in the second group. In the group in which simple relief 
was produced the increase in amplitude of intestinal movement (2.8 
mm.) was greater and the duration of increased activity (nineteen min- 
utes) longer than the corresponding values for amplitude (1.5 mm.) 
and duration (twelve minutes) in the group in which stripping was per- 
formed. Figures 15 and 16 show two of the kymographic tracings 
cbtained for animals in this group. 


COM MENT 


A total of one hundred and eight observations were made concerning 


the intestinal activity twenty-four hours after the relief of intestinal 
100 
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Although the increase in tone was not marked throughout t 


tone and slight increase in intestinal movement. 
the increase in activity persisted. 
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Fig. 14.—Graphic representation of intestinal activity twenty-four hours after 
obstruction of one hundred and forty-four hours’ duration, following the intra- 
venous administration of 10 cc. of twenty times normal lactate-Ringer solution. 
For the group in which simple relief of obstruction was produced, sixteen obser- 
vations were made, and for the group in which stripping was also performed, 
nineteen observations were made. 


obstruction existing for periods varying from forty-eight to one hundred 
and forty-four hours. In each instance the activity of the intestine was 
determined by its response to the intravenous injection of 10 cc. of 
twenty times normal lactate-Ringer solution. Forty-six observations 
were made on animals in which simple relief of the obstruction had 
been produced and sixty-two observations on animals in which, in addi- 
tion to the relief of the obstruction, the intestine was emptied of its 
contents by stripping. In the former group there was increase in 
intestinal activity in 84.7 per cent of the instances and no change in 
15.2 per cent, and in the latter group there was increase in intestinal 
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activity in 83.8 per cent, no change in 11.2 per cent and a decrease in 4.8 
per cent (fig. 17). The decrease in activity was observed in two animals, 
in one of which obstruction had been present for seventy-two hours 
and in the other, for ninety-six hours, and in both instances decrease 
in intestinal tone occurred. The average increases in tone and amplitude 
of intestinal movement for the groups in which simple relief of the 
obstruction was accomplished were 15.5 and 1.69 mm., respectively, 
whereas for the groups in which stripping was also used the corresponding 
values were 10.1 and 1.06 mm. (fig. 18). The average duration of the 
increased activity in the groups in which simple relief of the obstruction 
was produced was twenty-one and eight-tenths minutes, whereas in the 
groups in which stripping was used the duration was fifteen and eight- 
tenths minutes (fig. 18). As already stated, stripping of the intestine 
in mechanical obstruction in order to empty the bowel of its accumulated 


SIMPLE RELIEF STRIPPING OF INTESTINE 
46 OBSERVATIONS 6 2 OBSERVATIONS 


Fig. 17—Graphic representation of the relative effects on intestinal activity 
of simple relief and of relief by mechanical stripping of the intestine in the treat- 
ment of ileus of all periods of duration. The increase in activity was practically 
the same in the two groups of animals, the only perceptible difference being that 
in one instance in which stripping had been performed there was an actual decrease 
in the intestinal activity. In this graph the values for the group in which there 
was increase in activity are expressed by black areas; those for the group in which 
there was no change in activity, by areas of cross-hatching, and those for the 
group in which there was decrease in activity, by areas of vertical lines. 


gas and fecal material is theoretically a desirable procedure because by 
decreasing the intra-intestinal tension the pressure on the intramural 
blood vessels is relieved and the blood supply to the intestine improved. 
By improving the blood supply to the bowel and decreasing the intra- 
intestinal pressure the muscular activity should be improved, unless the 
trauma to the intestinal wall, with its resultant deleterious effects, inhibits 
muscular contraction. The results obtained in the present investigation 
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indicate that intestinal activity following obstruction is not improved 
by stripping of the intestine but that, on the contrary, the activity 
following simple relief of the obstruction is greater (figs. 17 and 18). 
If the advantages of stripping are not greater than those of simple 
relief of intestinal obstruction it is obvious that the former procedure 
has no place in the treatment of ileus, for its dangers are considerable. 
The immediate lowering of blood pressure, even in normal persons but 
especially in patients whose cardiovascular system is already taxed, is 
a serious objection to the method and in many cases precludes its use. 
In addition to this, the increased danger of spillage of intestinal con- 
tents and contamination of the peritoneum during the stripping process 
in itself almost contraindicates the procedure. Frequently in cases in 
which the intestinal distention is extreme the gentlest manipulation 


SIMPLE RELIEF STRIPPING OF INTESTINE 
46 OBSERVATIONS 62 OBSERVATIONS 


Fig. 18—Graphic comparison of the character of the intestinal activity in the 
treatment of ileus of all periods of duration with simple relief and with relief 
and stripping. It is seen that the activity twenty-four hours after simple relief 
was definitely greater than after a similar period after stripping, the increase 
in tone (indicated by black areas) for the two groups being 15.5 and 10.1 per 
cent, respectively. The increase in amplitude (indicated by areas of vertical lines) 
was 1.69 and 1.06 mm., respectively, and the average duration of the increase in 
activity (indicated by areas of cross-hatching), 21.8 and 15.8 minutes, respectively. 


results in rupture of the intestine because of the marked vascular 
changes. Stripping of the intestine in such instances would produce 
irreparable damage. 

CONCLUSIONS 


The production of relief of intestinal distention in mechanical 
obstruction by stripping of the intestine theoretically should improve 
intestinal muscular activity by improving the vascularity. 

In order to evaluate the results obtained by simple relief of intestinal 
obstruction as compared with the results obtained by stripping of the 
intestine, the present investigation was undertaken. The intestinal activ- 
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ity was determined twenty-four hours after the relief of obstruction 
which had been existent for periods varying from forty-eight hours 
to one hundred and forty-four hours. 


The results obtained demonstrate that the relief of intra-intestinal 
tension by stripping does not increase the activity of the intestine, prob- 
ably because of the trauma to the bowel produced by the stripping 
process. 


As intestinal stripping offers no advantage over simple relief of 
obstruction, the procedure is not justified clinically because of the detri- 
mental effects on the cardiovascular system and the greater danger of 
spillage of intestinal contents and peritoneal contamination. 


ENDOCHOLEDOCHAL SECTION OF THE SPHINCTER 
OF ODDI 


RALPH COLP, M.D. 
HENRY DOUBILET, M.D. 


AND 
ISADORE E. GERBER, M.D.* 
NEW YORK 


The relationship of the sphincter of Oddi to the physiologic and 
pathologic processes of the biliary tract has received increasing attention 
during the past decade. Attempts have been made to associate certain 
aspects of cholecystitis and cholelithiasis, acute pancreatitis and various 
forms of jaundice with a dysfunction of this muscle. Some of the 
symptomatology referable to the upper part of the abdomen in cases in 
which the diagnosis is obscure and many of the poor results following 
cholecystectomy have been attributed to dyskinesia of the sphincter. It 
has been suggested that it may be desirable to produce a concomitant 
incompetence of the sphincter of Oddi in many instances in which 
function of the gallbladder has been partially destroyed by disease or 
completely lost by operative removal. An experimental investigation 
of this problem forms the basis of the present communication. 

The anatomist Gage?’ first described the sphincter of the common 
bile duct in the cat as early as 1879. Several years later, in order to 
explain the finding of a dilated biliary tract in cases in which the func- 
tion of the. gallbladder had been lost, Oddi? accurately described the 
sphincter of the common bile duct both in man and in animals. His 
observations were confirmed subsequently by the researches of Hen- 
drickson * and Helly* and recently by those of Mann,°® Porsio® and 
Nagai and Sativada.’ 


* George Blumenthal Jr. Fellow in Pathology. 

From the laboratories of the Mount Sinai Hospital. 
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The resistance to the passage of fluid from the common bile duct 
into the duodenum is apparently due to several factors, the most impor- 
tant of which is the tonus of the sphincter of Oddi. To this, however, 
must be added the diagonal passage of the duct within the duodenal 
wall and the tonus of the duodenal smooth muscle and of its muscularis 
mucosae. For the sake of brevity, we shall refer to these composite 
resisting factors as the sphincteric mechanism. This resistance of the 
sphincteric mechanism in dogs lies between 100 and 200 mm. of water * 
and is markedly increased by irritation, such as that produced by the 
application of dilute hydrochloric acid to the papilla of Vater.® Irritation 
of the gastric mucosa, distention of the stomach, starvation and the 
ingestion of drugs which act on the autonomic nervous system’ all 
produce alterations in the resistance of the sphincteric mechanism. 

This resistance can be overcome by the contractile force of the gall- 
bladder, which is equivalent to about from 200 to 300 mm. of water." 


6. Porsio, A.: Structure of the Intraparietal Portion of the Human Bile 
Duct and Pancreatic Duct, with Special Reference to Oddi’s Sphincter, Arch. ital. 
di anat. e di embriol. 29:127, 1931. 

7. Nagai, K., and Sativada, T.: Oddi’s Sphincter and the Relation Between 
the Pancreatic Duct and Common Bile Duct of Japanese, Acta scholae med. univ. 
imp., Kioto 8:91, 1927. 

8. Giordano, A. S., and Mann, F. C.: The Sphincter of the Choledochus, 
Arch. Path. 4:943 (Dec.) 1927. 

9. (a) Oddi, R.: Sulla tonicita dello Sfintere del Coledoco, Arch. per le sc. 
med. 12:333, 1888. (b) Archibald, E.: Experimental Production of Pancreatitis 
in Animals as a Result of Resistance of Common Duct Sphincter, Surg., Gynec. 
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the Flow of Bile: II. Effect of Eliminating the Sphincter of Oddi, ibid. 
79:130, 1926. Brugsch, T., and Horsters, H.: Cholagoga und Cholagogie, 
Arch. f. exper. Path. u. Pharmakol. 118: 267, 292 and 305, 1926. Naka- 
shima, K.: Studies on Mode of Bile Outflow, About Oddi’s Sphincter, Regulator 
of Bile Outflow, Acta scholae, med. univ. imp., Kioto 9:357, 1927. Kitakoji, Y.: 
Studien tiber die Funktionen der Gallenblase und des Oddischen Muskels in Bezug 
auf die Absonderung der Blassengalle: Ueber den Einfluss von Nervengiften 
auf die Funktionen der Gallenblase und des Oddischen Muskels, Nagoya J. M. Sc. 
5:24, 1930. Shi, K.: Influence of Gall Bladder, Oddi’s Muscle and Duodenum 
on Outflow of Bile: Injection of Visceral Nerve Poisons and Pituitrin, Jap. J. 
Gastroenterol. 5:19, 1933. 

11. McMaster, P. D., and Elman, R.: The Physiological Variations in Resis- 
tance to Bile Flow to the Intestine, J. Exper. Med. 44:155, 1926; On the Expulsion 
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Ordinarily, however, as many investigators '* have shown, the sphincter 
tends to relax as the gallbladder contracts; this is known as the law of 
contrary innervation. Hamrick ** and others have emphasized that this 
reciprocal action does not always occur, since a number of substances 
which relax the sphincter do not cause a contraction of the gallbladder. 

In addition, many other factors which disturb the nervous mecha- 
nism of the gastro-intestinal tract often interfere with this reciprocal 
action. It has been suggested that some of these factors may have a 
constitutional basis ** or be related to the menstrual cycle and preg- 
nancy ** or be due to psychic disturbances.** Nanu-Muscel and Pavel ** 
have presented cases in which exploratory laparotomy proved that a pre- 
existing jaundice must have been due to spasm of the sphincter caused 
by psychic trauma, as icterus recurred after a fright. 

It is well known that the sphincter of Oddi rapidly loses its tone 
after cholecystectomy, and its resistance falls from 150 to 40 or 50 mm. 
of water.’* The flow of bile then becomes continuous, although if the 
ducts dilate it may become intermittent.’® The activity of the sphincter 
meanwhile is merely dormant, for either local irritation or nervous 
stimulation will often cause the sphincter to regain its former tonus or 
to become spastic. This may be one of the factors leading to the dila- 
tation of the extrahepatic biliary tract after cholecystectomy, which has 
been noticed since the time of Oddi. 

Rost,’® Westphal,’® Liek *° and others have felt that many of the 
untoward symptoms following cholecystectomy were often due to spasm 
of the sphincter of Oddi. Various therapeutic measures have been sug- 


12. Doyon, M.: Mouvements spontanés des voies biliaires; caractéres de la 
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13. Hamrick, R. A.: The Emptying of the Gall Bladder: Experimental Study, 
Am. J. M. Sc. 174:168 (Aug.) 1927. 
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15. Westphal, K.: Muskelfunktion, Nervensystem und Pathologie der Gallen- 
wege, Ztschr. f. klin. Med. 96:22 (Jan.) 1923. 
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18. Judd, E. S., and Mann, F. C.: The Effect of Removal of the Gall Bladder, 
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anatomische Untersuchungen nach Cholecystektomie, Mitt. a. d. Grenzgeb. d. Med. 
u. Chir. 26:710, 1913. 
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118, 1924. 
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gested to relieve this. Blass ** and others obtained good results by the 
administration of magnesium sulfate by a duodenal tube. Archibald ** 
attempted to keep the sphincter of Oddi relaxed by frequent feedings. 
Some surgeons ** have forcibly stretched the muscle with dilators 
through the common duct in order to abolish its function for several 
months. Del Valle and Donovan ** proposed section of the sphincter 
of Oddi for functional disorders. 

Archibald found that cutting the sphincter transduodenally in cats 
lowered its resistance from 600 to 70 mm. of water.*® These experi- 
ments were repeated by Judd and Mann,'* who found the residual 
resistance after section of the sphincter to vary from 0 to 120 mm. of 
water in dogs and cats. 

Coffey ** has shown in his experimental work on the common bile 
duct and on the transplantation of the ureter into the colon that the 
oblique course of a duct through the wall of a hollow viscus produces 
the effect of a one way valve. This prevents ascending infection through 
reflux of the intestinal contents. Therefore, if it is desirable to section 
the sphincter of Oddi, some method should be evolved that would 
accomplish this without completely dividing the intramural portion of 
the choledochus. In addition, the operative procedure would be greatly 
simplified and rendered less dangerous if section of the sphincter weze 
carried out without opening the duodenum. 


EXPERIMENTAL WORK 


A series of experiments were devised to test the practicality of endocholedochal 
division of the sphincter of Oddi, avoiding, however, complete section of the 
intramural portion of the common bile duct. Such a procedure would obviate 
the necessity of opening the duodenum and, by leaving a part of the intramural 
portion of the common bile duct intact, prevent the reflux of duodenal contents 
with the danger of ascending infection. Accordingly, an instrument was con- 
structed to divide the sphincter of Oddi safely through the choledochus. The 
final design of the sphincterotome 26 was evolved only after a number of technical 


21. Blass, G.: Treatment of Recurrent Pain Caused by Congestion of Bile 
Ducts from Spastic Contraction After Cholecystectomy, Wien. klin. Wehnschr. 
41:1429 (Oct. 11) 1928. 

22. Archibald, E.: Personal communication to the authors. 

23. Bakes, J.: Zur drainagelosen Gallenchirurgie und der methodischen Dila- 
tation der Papille, Zentralbl. f. Chir. 55:1858 (July 28) 1928. Allen, A. W., and 
Wallace, R. H.: Technique of Operation on Common Bile Duct, with Special 
Reference to Instrumental Dilatation of Papilla of Vater, Am. J. Surg. 28:533 
(June) 1935. 

24. del Valle, D., and Donovan, R. E.: Syndrome de colico hepatico provocado 
por fasciola hepatica, Arch. argent. de enferm. d. ap. digest. y de la nutricién 
4:697, 1928-1929. 

25. Coffey, R. C.: Transplantation of Ureters into Large Intestine in Absence 
of Functioning Urinary Bladder, Surg., Gynec. & Obst. 32:383, 1921. 

26. Manufactured by the American Cystoscope Makers, Inc., New York. 
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failures, for the curve of the instrument and the length and the shearing strength 
of the cutting blade had to be constantly altered so that it could easily pass down 
the cystic and common bile ducts and safely divide the sphincter of the dog. 
The sphincterotome (fig. 1) consists of a curved hollow shaft 20 cm. long from 
the handle to the tip and 2.5 mm. in diameter. The tip, however, is flattened 
from side to side so as to be 4 mm. in width for a length of 3 cm. This flattened 
tip is slotted to receive a closely fitting blade 16 mm. long, 2 mm. broad and 1 mm. 
thick. The blade rotates on a pin of specially hardened steel and is moved by a 
wire which runs through the shaft and is connected to the outer movable handle 
of the instrument. Closure of the handles results in the movement of the opened 
blade, which acts in reverse fashion through the slot. The resulting shearing force 
punches out a piece of tissue 1 mm. in thickness and about 8 mm. in length. 

The sphincterotome is introduced through the cystic duct into the choledochus 
and passed down until the tip of the instrument enters the duodenum via the 
papilla of Vater (fig. 2.4). The blade, which acts in reverse fashion as described, 
is opened (fig. 2B). The instrument is then withdrawn, and the cutting edge 
automatically impinges on the anterior lip of the papilla (fig. 2C). The duodenum 
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Fig. 1—The’ sphincterotome. 


is pulled downward, and as the instrument is pulled upward firmly the sphincter- 
otome is closed, cleanly dividing the sphincter of Oddi (fig. 2D). After the 
instrument has been withdrawn, the cystic duct is tied, and the gallbladder is 
removed. 

All experiments were performed on dogs under anesthesia with sodium sec- 
ondary butyl-beta-bromallyl barbituric acid. Operations were such that biliary 
drainage was not necessary. There were no subsequent signs of leakage of 
bile, peritonitis or pancreatitis. The resistance of the sphincter was measured in 
many animals by inserting into the common bile duct a cannula with a manometer 
attached. The duodenum was then opened, and the manometric height at which 
the fluid began to flow through the papilla was noted. As a further indication of 
functional activity of the sphincter half-normal hydrochloric acid was applied 
to the papilla and the resistance read again. 

The experiments were performed in various groups as follows: 


1. The estimation of the resistance of the sphincter of Oddi in normal dogs. 


2. The estimation of the resistance of the sphincter of Oddi after chole- 
cystectomy. 


3. The effect of sphincterotomy with the gallbladder left intact. 
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4. The effect of simultaneous cholecystectomy and sphincterotomy. 
5. The effect of sphincterotomy after cholecystectomy. 


Group 1.—The resistance of the sphincter of Oddi was measured in six normal 
dogs under anesthesia with sodium secondary butyl-beta-bromallyl barbituric acid, 
both before and after the application of hydrochloric acid to the papilla of Vater. 
The results are summarized in table 1. The average figures were 153 mm. of 
water before and 296 mm. after the application of hydrochloric acid. The resis- 
tance of the normal sphincter was doubled when hydrochloric acid was applied to 
the papilla. 


Fig. 2.—Technic of endocholedocal section of the sphincter of Oddi. In A, the 
sphincterotome is passed down the cystic and the common bile duct, through 
the papilla and into the duodenum. In B when the flattened end of the sphinc- 
terotome has entered the duodenum, the knife blade is opened. In C, the sphinctero- 
tome is pulled back until the knife blade impinges on the anterior lip of the papilla. 
In D, the knife blade is closed, sectioning the sphincter of Oddi. After withdrawing 
the sphincterotome the cystic duct is tied. 


Group 2.—The effect of simple cholecystectomy on the tonus of the sphincter 
of Oddi was investigated in five animals. The resistance was measured before 
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and after the application of hydrochloric acid to the papilla at varying periods 
after cholecystectomy. The results are summarized in table 2. The resistance 
was measured two days after cholecystectomy in two animals. In one it was high, 
while in the other it had fallen below normal. Two other animals, in which the 
resistance was measured four and six months, respectively, after cholecystectomy, 
showed a loss of sphincteric tone. One animal (56), which was operated on four 
months after cholecystectomy, was found to be pregnant; the rather high initial 
resistance of the sphincter may have been due to this condition.15 However, irri- 
tation of the sphincter by the topical application of acid produced spasm in all 
the animals. 

Histologic sections of the common and intrahepatic bile ducts and liver were 
studied in these animals. Scattered collections of lymphocytes and occasional 


TaBLe 1.—Resistance of the Sphincter of Oddi in Normal Dogs 


Resistance of Resistance of 
Sphincter of Oddi of Oddi 
Before Adding HC], After Adding HCl, 


Animal No. Mm. of H20 Mm. of H20 


Taste 2.—Resistance of the Sphincter of Oddi After Cholecystectomy 


Resistance of Sphincter, 


Days After Diameter of Diameter of Mm. of H20 
Chole- Duct at Duet After -—— on 
eystectomy Cholecysteec- Cholecystee- Before After 
Animal Before Animal tomy, tomy, Application Application 
No. Was Killed Mm. Mm. of HCl of HC! 

73 2 4 5 225 310 
77 2 3 4 109 250 
38 120 6 6 83 242 
56 120 3 3 120 240 
45 180 4 5 55 233 


plasma cells were seen in the subepithelial connective tissue of the choledochus in 
two of the animals. Focal infiltration of the periportal connective tissue by poly- 
morphonuclear leukocytes and lymphocytes was noted in one instance. 

For comparative purposes, the bile ducts and liver of six normal dogs were 
examined. A slight to moderate lymphocytic infiltration of the subepithelial con- 
nective tissue of the choledochus and hepatic ducts was seen in all instances. The 
livers of four of the six animals showed lymphocytic and polymorphonuclear 
leukocytic infiltration of the periportal connective tissue. The extent of the infiltra- 
tion varied from that of a few cells in one or more portal fields to foci of dense 
collections of polymorphonuclears and lymphocytes. 

It is evident that the cellular infiltration observed in the experimental animals 
was no more extensive than that seen in the control group. 


Group 3.—Three dogs were used to determine the effect of endocholedochal 


sphincterotomy with the gallbladder left intact. The contents of the gallbladder 
were aspirated with a large needle. The sphincterotome was inserted through the 
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same opening, and routine sphincterotomy was performed. The instrument was 
then withdrawn, the needle was reintroduced into the opening in the gallbladder 
and the bile which had been previously aspirated was reinjected, leaving the 
gallbladder and bile ducts distended with bile. The opening in the gallbladder 
was closed with purse-string suture. The results are summarized in table 3. 

One animal was killed eight days after operation because of the onset of 
distemper. The gallbladder was found to be severely inflamed and contained rather 
thin light brown bile. The common bile duct was slightly dilated (6 mm. in 
diameter). Culture of material from the gallbladder showed the presence of 
Bacillus Welchii. Histologic examination showed acute and chronic inflammation 
of the gallbladder. The wall of the common bile duct was diffusely infiltrated 
by polymorphonuclear leukocytes. Foci of polymorphonuclear leukocytic infiltra- 
tion of the periportal connective tissues were present in the liver. The latter, 
however, were not in excess of those seen in the normal control animals. 


TaBLe 3.—Effect of Sphincterotomy with the Gallbladder Left Intact 


Days Resistance of 
After Sphincter, 
Sphincter- Diameter Diameter Mm. of HeO 
otomy of of 
Before Duet Duct Before After Bacteri- 
Ani- Animal Before After Appili- Appli- ology of 
mal Was _ Sphincter- Sphincter- cation eation Gallbladder 
No. Killed otomy otomy of HC] of HCl Bile Pathologie Changes 
78 5 4 5 Not Not B. Welchii Acute inflammation of 
done done gallbladder; common duct 
unaltered; slight to mod- 
erate polymorphonuclear 
leukocytic and lympho- 
eytic periportal 
infiltration 
81 30 4 4 112 114 B. Welchii Acute and chronic inflam- 
mation of gallbladder 
with thickened wall; 
marked subacute inflam- 
mation of common duct; 
foci of periportal cellular 
infiltration 
80 150 5 6 92 130 B. coli; Acute and chronic inflam- 


B. proteus; mation of gallbladder; 

B. subtilis; subacute inflammation of 

Entero- common duct; scattered 

coccus foci of marked polymor- 
phonuclear leukocytie and 
lymphocytic periportal 
infiltration 


The second animal was killed one month after operation. The wall of the 
gallbladder was thickened and contained murky bile, which on culture showed a 
heavy growth of B. Welchii. The common bile duct was neither dilated nor 
thickened. The resistance of the sphincter was found to measure 120 mm. of 
water. The application of hydrochloric acid to the papilla produced no change 
in resistance. Histologic examination showed an acute and chronic inflammation 
of the gallbladder. The wall of the common bile duct was diffusely infiltrated 
by polymorphonuclear leukocytes. Foci of polymorphonuclear leukocytic infiltra- 
tion of the periportal connective tissues were present in the liver but not in excess 
of the findings in many normal animals. 

The third animal was killed five months after operation. The gallbladder was 
markedly thickened and contained light brown bile full of precipitated particles 
of pigment. Culture of the bile showed the presence of typical intestinal flora: 
Bacillus coli, Bacillus proteus, Bacillus subtilis and Enterococcus. The resistance 
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of the sphincter of Oddi was found to be 92 mm. of water, and the addition of 
hydrochloric acid raised it to 130 mm. Histologic examination of the gallbladder, 


common bile duct and liver presented the same picture as that noted in the second 
animal. 


Group 4.—Cholecystectomy and sphincterotomy were simultaneously performed 
in twelve dogs. Five of the animals died within ten days after operation, while 
the remaining seven dogs were killed at periods varying from two to six months. 
The results are tabulated in table 4. There was no gross infection in the biliary 
tract at autopsy. The duodenal surface of the sectioned papilla was well healed. 


TasLe 4.—Effect of Simultaneous Cholecystectomy and Sphincterotomy 


Days After Operation 


Dilatation Before Animal 
Animal No. of Duct Was Killed 
0 120 (Died of foot infection) 
0 180 
0 10 (Died of distemper) 
0 5 (Died of distemper) 
Tas_e 5.—Effect of Sphincterotomy After Cholecystectomy 
Months Months 
After After Diameter Diameter Resistance of 
Chole Sphincter- of of Sphincter, 
cystectomy otomy Duct Duct Mm. of HzO 
Before Before After After 
Sphincter- Animal Chole- Sphincter- Before After 
Animal otomy Was Was eystectomy, otomy, Application Application 
No. Performed Killed Mm. Mm. of HCl of HCl 
31 2 3 4 4 45 94 
34 2 3 9 4 83 101 
30 2 6 4 3 79 113 
32 2 6 4 3 140 161 
2 6 6 9 4 92 104 
35 6 6 15 6 120 139 
24 6 6 4 4 
29 6 6 4 4 70 72 
40 6 6 8 4 92 105 
37 6 6 8 4 ue ée 


The mucosa covering the inferior edge was always hypertrophied into a polypoid 
mass which overlay the opening of the common bile duct. Dilatation of the 
biliary tract was present in only two animals. Microscopic examination of the 
bile ducts and liver did not reveal any significant pathologic changes. 

It was possible to observe the early stage of healing in the sectioned sphincters 
of the five animals which died of distemper within ten days after operation. The 
incised edges of the papilla were found to be healed by the tenth day, and there 
was neither ascending infection nor obstruction, owing, possibly, to an edematous 
reaction at the point of section. Microscopically, sections of the ducts proximal 
to the papilla showed moderate hyperplasia of the mucosa. 


Group 5.—There were nine dogs in this group; in four of these sphincterotomy 
was performed two months after cholecystectomy, and in the other five, six months 
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after cholecystectomy. There was little difficulty encountered in this second 
operation. The stump of the cystic duct was found and incised, the sphincterotome 
was introduced and the sphincter of Oddi was divided. Two animals were killed 
three months and the others six months after this procedure. The results are 
summarized in table 5. The common bile duct was markedly dilated in three 
animals after cholecystectomy. In these dogs the choledochus was found to be of 
normal diameter in one instance three months and in the others six months after 
section of the sphincter. The resistance of the sphincter measured less than normal 
in all but two animals. Application of hydrochloric acid to the papilla caused 
only a slight increase in the resistance of the sphincter. This slight increase 
could be prevented by elevating the polypoid mass of mucosa which overlay the 
orifice of the common bile duct. The irritation of the hydrochloric acid caused 
the muscularis mucosae to contract, and this appeared to force this polypoid mass 
into the choledochal aperture. In two dogs (32 and 33) the initial resistance was 
fairly high, equaling the resistance of the normal sphincter. However, the addi- 
tion of acid raised the resistance only slightly, indicating some functional 
destruction of the sphincter. Culture of bile aspirated from the common duct in 
four dogs (2, 24, 29 and 32) gave no growth on aerobic and anaerobic mediums. 

On microscopic examination the changes in the bile ducts and liver were identi- 
cal with those seen in normal control animals. One dog (37) died of distemper 
five days after the second operation. Autopsy revealed that the common duct, 
which had been enlarged to a diameter of 8 mm. after the previous cholecystectomy, 
had shrunken to a normal diameter within five days after sphincterotomy. 


COMMENT 


The reports of a large number of investigators indicate that in dogs 
the average resistance of the sphincteric mechanism to the passage of 
fluid is about 150 mm. of water.’ The resistance averaged 153 mm. in 
the series of six control animals and was doubled when the papilla was 
irritated by the local application of half-normal hydrochloric acid. 

It has been stated that the sphincter becomes hypotonic after simple 
cholecystectomy in dogs.’* The observations herein recorded tend to 
support this statement. However, the series is too small to warrant final 
conclusions. The resistance was found to be variable after cholecys- 
tectomy ; in two dogs it was 225 and 109 mm. of water, respectively, 
two days after operation, and in three other animals, 83, 55 and 120 
mm. from four to six months after operation. Irritation of the papilla 
uniformly increased this resistance, so that in five animals it averaged 
225 mm. of water. Evidently the sphincter, which may become hypo- 
tonic after cholecystectomy, still retains the ability to become spastic 
on irritation, 

The function of the sphincteric mechanism, as measured by its ability 
to go into spasm on irritation, was found to be markedly reduced after 
endocholedochal sphincterotomy. The resistance was 130 and 92 mm. 
of water, respectively, in two cases in which the gallbladder had been 
left intact. Application of acid to the papilla had no effect on the 
resistance of the first, while it raised the resistance of the second only 
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to 113 mm. of water. Measurements of the sphincteric resistance after 
simultaneous cholecystectomy and sphincterotomy were made in one 
case. It was measured on the fourth day after operation and was found 
to be 50 mm. before and 60 mm. after the application of acid to the 
papilla. This low resistance indicated not only that the sphincter had 
been almost completely destroyed but that any edematous swelling 
resulting from operative trauma was insufficient to cause obstruction. 


The marked reduction of sphincteric function is best exemplified in 
eight dogs in which endocholedochal section was performed from three 
to six months after cholecystectomy. The average resistance in these 
animals was 90 mm. of water. Irritation of the papilla caused only a 
slight rise in the resistance, averaging 111 mm. of water. As previously 
stated, measurements of the resistance to the passage of fluid from the 
common bile duct into the duodenum represent the action of the entire 
sphincteric mechanism. This includes the muscle of Oddi and the effect 
produced by duodenal tonus acting on the common bile duct as it passes 
obliquely through the wall. Sphincterotomy as performed in these 
experiments divides the muscle of Oddi. The residual resistance of the 
sphincteric mechanism may be ascribed to the other aforementioned 
factors. The net result of sphincterotomy was to reduce markedly the 
ability of the sphincteric mechanism to go into spasm on irritation and, 
in addition, to cause a permanent reduction in its resistance. 

The effect of cholecystectomy alone on dilatation of the biliary tract 
was noted in twenty animals. No dilatation of the duct was observed 
in twelve dogs at periods varying from one to six months. The ducts 
were dilated in eight dogs. This dilatation was seen in three of these 
animals in six months, in three in two months and in two in one month 
after cholecystectomy. Dilatation of the duct occurred only twice in a 
series of twelve animals in which both cholecystectomy and sphincter- 
otomy were performed. Moreover, section of the sphincter in four 
animals in which dilatation of the duct was present after cholecystec- 
tomy resulted in the shrinkage of the ducts to normal diameter. It seems 
reasonable to assume that section of the sphincter appreciably reduces 
the incidence of dilatation of the biliary tract after cholecystectomy. 

Endocholedochal sphincterotomy in the absence of the gallbladder 
was not followed by ascending infection. The slight round cell infil- 
tration noted in the common duct in some animals and the periportal 
round cell infiltration found in the liver were similar to that observed 
in normal animals and in those that had undergone cholecystectomy. 
Cultures of bile from the common duct of many animals after com- 
bined cholecystectomy and sphincterotomy were sterile. The severe 
infection of the gallbladder, acute cholangeitis and widespread perichol- 
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angitic abscesses noted by Mallet-Guy, Auger and Billa ** in some ani- 
mals in which the sphincter was cut by the transduodenal route were 
not found in this series. The three animals in which the gallbladder 
was left intact after sphincterotomy showed the presence of severe 
infection of the gallbladder and bile ducts. Whether this was due to 
an ascending infection or to one descending from the gallbladder as a 
result of puncture and manipulation of that organ could not be deter- 
mined. 
CONCLUSIONS 

An instrument is described which safely divides the sphincter of 
Oddi through the common bile duct. 

This method of sphincterotomy results in marked reduction of the 
function of the sphincteric mechanism. 

Endocholedochal sphincterotomy in the absence of the gallbladder 
is not followed by ascending infection of the biliary tract. 


27. Mallet-Guy, P.; Auger, L., and Billa, M.: Etat bactériologique des voies 
biliaires aprés section expérimentale du sphincter d’Oddi, Compt. rend. Soc. de 
biol. 112:899 (March 10) 1933. 
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FAT EMBOLISM 


AN EXPERIMENTAL STUDY ON THE VALUE OF ROENTGENOGRAMS 
OF THE CHEST IN DIAGNOSIS 


FRANK J. JIRKA, M.D. 
AND 

CARLO S. SCUDERI, M.D. 
CHICAGO 


The history of experimental fat embolism dates as far back as 1669, 
when Lower! did some work on lipemia and its effect on the circula- 
tion in animals. Since that time a tremendous amount of work has 
been done,’ both clinically and experimentally, on the accurate detection 
of fat embolism. As far as we know, roentgen examination has never 
been used for this purpose. Therefore we are presenting for the first 
time the results of experimental work which show the value of the 
roentgenograms of the chest in the diagnosis of fat embolism. 


EXPERIMENTAL PROCEDURE AND RESULTS 


We used eleven dogs in our experiments, selecting whenever possible an animal 
weighing close to 12.5 Kg. Sterile oleic acid was given intravenously to six 
animals and sterile olive oil to five. Doses of varying amounts were used in 
each experiment. 

Owing to the researches of Landois,? who found that olein was the largest 
component of the fat of bone marrow, it was decided to try both oleic acid and 
olive oil in our experiments. The former, being the acid of the tri-oleate and 
easily obtainable, was used first. However, as it is toxic and probably unites 
with the alkaline radicals in the blood stream to form a soap, in the chemical 
sense of the term, olive oil, which is neutral and nontoxic in small quantities, 
was used as a control. It was found that 0.33 cc. of oleic acid per kilogram of 
body weight was sufficient to produce death in dogs, while 2.2 cc. of olive oil per 
kilogram of body weight was required. The physical properties of the two 
substances were similar in that their viscosity was nearly equal and they pro- 
duced similar droplets when emulsified. 


From the Department of Surgery of the University of Illinois College of 
Medicine and the surgical service of the Cook County Hospital. 

1. Lower, cited by Flournoy: Contribution a l'étude de l’embolic graisseuse, 
Paris, J.-B. Bailliére & fils, 1878. 

2. For a recent bibliographic review on this subject one may refer to Scuderi, 
C. S.: Internat. Digest 18:195-215 (Oct.) 1934. 

3. Landois, F.: Fat Embolism, Deutsche med. Wchnschr. 52:283-285 (Feb. 12) 
1926. 

4. Fuchsig, cited by Warthin, A. S.: Traumatic Lipaemia and Fatty Embolism, 
Internat. Clin. 4:171-227, 1913. 


Fig. 1—A, the normal pulmonary fields of a dog weighing 12.5 Kg., taken 28 
inches (71 cm.) from the tube, 62 kilovolts, 30 milliamperes and an exposure of 
one-eighth second being employed. B, the pulmonary fields of the same dog twenty 
minutes after the intravenous injection of 6 cc. of sterile oleic acid. The same 
technic was used. Note the diffuse cloudiness of the pulmonary fields. 


Fig. 2—A roentgenogram of the thoracic organs of the dog used for figure 1 
after the death of the animal. The organs were removed from the thoracic cavity 
to show better the detail. One readily notes the apparent hepatization of the pul- 
monary tissue, even in the roentgenogram. } 
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First the technic for making roentgenograms of the chest of a dog had to be 
worked out. Once the plates began to be uniformly good, the oily substances 
were injected. By taking pictures before and after the injections we were able 
to compare the pulmonary fields, taken in each instance with the same technic. 

Figure 14 shows the normal pulmonary fields of one of the animals. The 
lungs were relatively clear, except for the usual clouding at the hilus. Figure 
1B, was taken twenty minutes after the injection of 6 cc. of sterile oleic acid. 
There was more or less cloudiness of a diffuse, even nature in the pulmonary 
fields. No patches or areas of increased opacity were noted. The heart showed 
no enlargement when measured by superimposition of the films. The next morn- 


Fig. 3.—Microscopic section of the lung, stained with sudan III. The animal 
received 6 cc. of sterile oleic acid intravenously prior to its death. Note the plugged 
vessel in the center of the field and some of the darkly stained fat droplets in 
the epithelial cells and alveoli. The linings of the alveoli are markedly edematous, 
showing the effect of the interference with the circulation. Note also the alveoli 
partially filled with serous exudate. 


ing the dog was found dead, rigor mortis being present. The thoracic organs 
were removed, and a roentgenogram was made of them in toto. There was a 
lack of air in the lungs (fig. 2). The appearance of the lungs on gross exami- 
nation and on cut section simulated liver or the hepatization found in cases of 
bilateral pneumonia. Palpation revealed no crepitant areas. 
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Fig. 4—A, the normal pulmonary fields of the second experimental animal 
before the injection of oleic acid. The picture was taken at 28 inches, 62 kilovolts, 
30 milliamperes and an exposure of one-eighth second being used. This dog 
weighed 8 Kg. 8B, the pulmonary fields of the same animal taken twenty-five 
hours after the intravenous injection of 2 cc. of sterile oleic acid. The same technic 
was used for both roentgenograms. Note the diffuse hazy cloudiness in the pul- 
monary fields. The animal was perfectly well and happy at the time the picture 
was made. No ill effects were noted. 


Fig. 5.—A, the normal pulmonary fields of a dog weighing 13 Kg. This picture 
was made 36 inches (91 cc.) from the tube, 64 kilovolts, 100 milliamperes and an 
exposure of one-tenth second being used. B, the pulmonary fields of the same 
animal photographed with the same technic forty-eight hours after the intravenous 
injection of 10 cc. of sterile olive oil. Note the same diffuse cloudiness of the 
upper part of both pulmonary fields. This feature was present in all our animals. 
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Microscopic sections were made (fig. 3) and examined by Dr. Benjamin 
Neiman of the department of pathology of the Cook County Hospital. Dr. Neiman 
described the appearance of the lungs as being typical of that of a drowned animal, 
owing to the marked edema of the epithelial cells lining the alveoli and to the fact 
that clear serums filled the alveoli. Sections stained with sudan III readily showed 
the fat-filled capillaries. 

Figure 4 A shows the pulmonary fields of a second animal prior to any experi- 
mentation. Twenty-five hours after the injection of 2 cc. of sterile oleic acid, 
another roentgenogram was made (fig. 4B). The animal at that time appeared 
perfectly happy and normal in every respect. The technic used in taking the two 
pictures was identical. Close examination revealed the same diffuse haziness of 
the pulmonary fields as was seen in figure 1 B. 

Figure 5 A shows the normal pulmonary fields of a third experimental animal. 
Ten cubic centimeters of sterile olive oil was injected intravenously, and forty- 
eight hours later another roentgenogram was made (fig. 5B). The same diffuse 
cloudiness of the pulmonary fields, so characteristically found in all the experiments, 
was likewise present. The upper lobes show the pathologic process clearly. 

From 2 to 12 cc. of oleic acid was injected into six animals, while from 2 to 20 
cc. of olive oil was injected into five. 

The animals receiving less than the lethal dose of oleic acid (4 cc.) showed 
evidence of pulmonary irritation for several days. Each of these animals had an 
apparent cold, with periodic sniffing and coughing, but otherwise they appeared 
to be normal. 

The animals receiving up to 20 cc. of sterile olive oil showed no evidence whatso- 
ever of any pulmonary irritation or malaise and suffered no apparent ill effects from 
the experiment. One of the animals after receiving 20 cc. of olive oil became 
ataxic and had great difficulty in controlling the extremities, although otherwise it 
appeared normal. The ataxic state lasted about ten minutes, after which the dog 
ran around and appeared to be normal. This period was probably due to inter- 
ference with the cranial circulation by the fat droplets. 


COMMENT 


One must not lose sight of the fact that fat embolism is not a true 
embolism in the sense of a permanent occlusion of a vessel but is simply 
a retardation of the blood flow through a capillary while the oil drop- 
lets become elongated and are slowly forced from the arteries to the 
veins. Gauss * showed that the addition of 1 part of olive oil to 9 
parts of the serum of human beings increased the viscosity of the 
mixture approximately three times. 

The production of pathologic changes in the lungs of experimental 
animals after intratracheal insufflation of various oils has been nicely 
worked out by Pinkerton,® while Lehman and McNattin* have done a 


5. Gauss, H.: Studies in Cerebral Fat Embolism, Arch. Int. Med. 18:76-102 
(July) 1916. 

6. Pinkerton, Henry: The Reaction to Oils and Fats in the Lungs, Arch. 
Path. §:380-401 (March) 1928. 

7. Lehman, E. P., and McNattin, R. F.:. South. M. J. 22:201-207 (March) 
1929. 
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commendable piece of work on the pathologic changes in the lungs of 
dogs after the intravenous injection of cottonseed oil, cod liver oil, 
liquid petrolatum and iodized poppy-seed oil 40 per cent. They have 
produced permanent pathologic changes in the lung from one hour to 
five hundred and seventy-two days after the injection of 1.2 cc. of 
cottonseed oil per kilogram of body weight. We feel that little can 
be added to this phase of the problem which has been so completely 
worked out, and for this reason we have not delved into the pathologic 
study further. 
CONCLUSIONS 


In dogs 0.16 cc. of oleic acid or of olive oil per kilogram of body 
weight is sufficient to produce changes in the pulmonary fields that 
may be visualized roentgenographically. 

These changes can be demonstrated for from five to seven days 
after the injection and as shortly as twenty minutes after the oil has 
been placed in the blood stream. 

A diffuse haziness or cloudiness of the pulmonary fields has been 
persistently present in all our experimental animals. 

The uniformity of our results makes us feel that fat droplets in 
the pulmonary circulation, if present in sufficient number, will always 
produce changes in the pulmonary fields that are detectable in roent- 
genograms. 

From the results of our experiments, we believe that roentgeno- 
grams of patients suffering from clinical fat embolism should be of 
definite diagnostic aid. Further study on human beings will be under- 
taken whenever the opportunity occurs. 


Dr. C. Warfield, head of the Department of Roentgenology of the Cook County 
Hospital, cooperated with us in the technical work of this study. 
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PRIMARY STREPTOCOCCIC PERITONITIS 


LEO H. POLLOCK, MD. 
Resident in Surgery, Mount Sinai Hospital 
NEW YORK 


The etiology of diffuse peritonitis in children differs from that usu- 
ally seen later in life. The source of infection is frequently extra- 
abdominal ; the attending sepsis so often dominates the clinical picture 
that the peritonitis may be temporarily overlooked. Metastatic peri- 
tonitis due to hemolytic streptococci is more common than is usually 
acknowledged. The individual physician does not often recognize the 
pathologic process early because of his limited experience with this 
entity. While this discussion is concerned primarily with streptococcic 
peritonitis in children, the forms which occur in adults are included to 
complete the study. 


The diagnosis of the acute forms of peritonitis is difficult in child- 
hood and more particularly in infancy. The reason lies in an inability 
to obtain an accurate subjective history, the difficulty in making a 
reliable physical examination and the frequency with which irregular 
complaints referable to the abdomen accompany infections of the upper 
respiratory tract, gastro-intestinal upsets and acute infectious diseases 
in young children. As a result of a tendency to minimize or ignore 
abdominal discomfort under these conditions, advanced peritonitis not 
infrequently exists by the time a child is brought to the hospital. Until 
recent years, primary streptococcic peritonitis was considered a rare 
and inevitably fatal disease. A comprehensive study of a large series 
of cases has led to the conclusion that this entity can be more easily 
recognized than is generally believed and that there is a logical form of 
treatment. 


Primary streptococcic peritonitis is especially a disease of infancy 
and childhood but may occur in adult life. In the last eleven years 
there were forty-two certified cases under observation in the Mount 
Sinai Hospital. Not included in this group are instances of peritonitis 
following trauma, perforation of a viscus and Durchwanderungs peri- 
tonitis secondary to infection or ulceration of the gastro-intestinal tract. 
The peritoneal exudate in all the cases in this series revealed Strepto-. 
coccus haemolyticus (beta) on culture, the fluid being obtained by punc- 
ture, at operation or at autopsy. 


From the surgical and pediatric services of the Mount Sinai Hospital. 
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CHARACTERISTIC PICTURE OF STREPTOCOCCIC PERITONITIS 


The history, while characteristic, is not definitely pathognomonic of 
the disease. An example follows: 


A 9 month old boy during a winter month had an attack of moderately acute 
pharyngitis, with a temperature of about 101 F., which subsided in two days. 
After an interim of three or four days, during which the child seemed to have 
recovered, there was a sudden recrudescence of fever, the temperature often rising 
to 103 F., accompanied by fretfulness and anorexia. For lack of definite findings 
these symptoms at first were attributed to an obscure otitis media, but after a 
day abdominal enlargement occurred, followed by constant generalized abdominal 
pain which was not overly severe. The child seemed to have a marked indefinable 
infection, vomiting some of its food and passing infrequent greenish, watery 
stools. In several days, during which he was treated for a gastro-intestinal upset, 
the condition became vrogressively worse, the spiked afternoon temperature of 
103 F. falling to 100 or 10i F. in the morning. At last, the progressive abdominal 
distention and the marked general illness brought the patient to the hospital. 

On admission, the infant, though well nourished, appeared semimoribund, with 
a hippocratic facies. The skin was dry and clear, the throat was moderately 
reddened and one ear drum was slightly injected. The respiratory rate was 36 per 
minute, and there was evidence of pneumonia. The pulse was weak, with a rate 
of 140 per minute; the heart sounds were clear. The abdomen had a diffuse, 
somewhat tense enlargement with generalized tenderness to moderate pressure; 
no rigidity or masses were felt. The spleen was just palpable, and some shifting 
dulness was present. The umbilicus was pouting and slightly reddened. Labora- 
tory examination revealed a few pus cells in the urine and a leukocyte count of 
26,000, with 94 per cent neutrophils and 6 per cent lymphocytes. 


In a case of this type the diagnosis and question of operation must 
be determined immediately, the possibilities being pneumonia with reflex 
meteorism, acute enteritis and peritonitis due to appendicitis or peri- 
tonitis of the acute serous, pneumococcic or streptococcic type. The 
pathologic process in the chest is not marked enough to explain the 
sepsis; the distention and tenderness are too prominent to be due to 
reflex ileus. The possibility of appendicitis with generalized peritonitis 
is in the foreground. However, the early general tympanites and pain, 
with the absence of localization to the lower right quadrant, the high 
leukocyte count, the relatively mild nausea and vomiting and the age 
of the patient are not the typical picture of this condition. 

Gastro-enteritis usually produces more troublesome vomiting, diar- 
rhea and cramps, with a lower leukocyte count. Enteritis is more com- 
mon in the summer and does not cause the prominent distention and 
toxemia, except as a terminal manifestation. The possible diagnoses 
of acute serous, pneumococcic or streptococcic peritonitis cannot be 
absolutely differentiated by the subjective findings. For a positive 
determination, abdominal puncture is performed close to the umbilicus 
in the lower left quadrant. A few drops of odorless cloudy yellowish 
green exudate are obtained, which indicates merely that peritonitis is 
present. On smear, many pus cells and scattered gram-positive cocci in 
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short chains are found. This is pathognomonic of streptococcic peri- 
tonitis. The exudate and blood ultimately yield pure cultures of Str. 
haemolyticus (beta). 

However, in cases of streptococcic peritonitis, the abdominal symp- 
toms are not always urgent, sometimes being so insignificant that atten- 
tion is not directed to them. Because of the lack of complaints 
referable to the abdomen, the tympanites often is completely overlooked 
until the patient is hospitalized. In this type, pain and distention are 
slight, and either one may be absent. No fluid wave is recognized, and 
there is slight tenderness to pressure all over the abdomen. The flat 
abdomen does not necessarily indicate the absence of a peritoneal exu- 
date, for in these instances as much fluid may be present as in the 
meteoric type. Supported by a history of preceding infection of the 
upper respiratory tract, followed by a sudden exacerbation of fever 
several days later, peritonitis must be suspected when the child appears 
to be too ill for the symptoms to be attributed to the respiratory condi- 
tion. Peritoneal puncture here is an invaluable aid in determining the 
diagnosis. 

Analysis of the cases at the Mount Sinai Hospital shows that pri- 
mary streptococcic peritonitis occurs most frequently in childhood, 
involving the sexes equally. Half of the females and three fourths of 
the males were under 18 months of age, with an average age of 8 
months. The condition was most common during the cold season, one 
half of the cases occurring during the winter and one fourth during 
the early spring. In 60 per cent, there had been a definite preceding 
pharyngitis. In only six could no possible source of infection be 
determined. The usual triad is infection of the respiratory tract, abdom- 
inal involvement and sepsis. The acute pharyngitis usually occurred 
within a week of admission to the hospital and often was not marked. 
The fever was initiated in six patients by a sensation of chilliness, the 
temperature ranging from 101 to 104 F. Commonly, the initial sore 
throat and fever had subsided before abdominal discomfort started from 
two to three days later, the temperature again rising with the onset of 
the latter. Distention was usually the first abdominal sign in most 
patients, and in half of them vomiting occurred. Diarrhea. with green- 
ish, watery stools, which occurred in a third of the patients, was not 
characteristic, and no blood was noted in the discharge. Several of the 
patients were constipated for a few days. Abdominal pain occurred in 
a fourth of the patients; it developed with the distention and was con- 
stant and usually generalized; it often decreased or disappeared after 
several days. Rigidity of the rectus muscles was rarely seen. 

The severity of illness was not influenced by the physical develop- 
ment of the patients, for the majority of them were well nourished and 
well developed. Examination of the throat often showed the remains 
of the antecedent pharyngitis, but sometimes the throat appeared to be 
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normal. Cervical adenopathy was occasionally felt. The abdomen was 
diffusely enlarged and tender in the majority of instances, although a 
soft fulness was not uncommon. There was no muscular spasm or 


especial localization of complaints. Evidence of fluid was sometimes 
elicited. 


ABDOMINAL PUNCTURE AND CULTURE OF FLUID 


An invaluable aid in diagnosis was abdominal puncture, as described 
by Neuhof and Cohen.'’ Puncture was performed on thirty patients, 
yielding conclusive evidence of the underlying pathologic process in all. 


Paracentesis is usually performed just below the level of the umbilicus to either 
side of the midline, but it may be done through or lateral to the rectus muscle. 
Needless to say, this should not be attempted over a solid organ or a palpable or 
questionable mass. The skin is prepared with iodine, and a small wheal is made 
with procaine hydrochloride. A little incision may be made in the skin to preserve 
the delicacy of touch when the needle is introduced. A lumbar puncture needle 
and a well fitting 20 cc. syringe are used. The needle with stylet in place is 
introduced perpendicularly, with slow, even pressure. In puncturing through the 
rectus muscle, the resistance of the anterior sheath is felt. As the needle passes 
through the muscle, a similar resistance of the posterior sheath is encountered, 
and then the needle enters the peritoneal cavity. The stylet is withdrawn and the 
syringe attached. While gentle suction is maintained, the needle is pointed in 
various directions, being left in position for several minutes to permit recognition 
of small amounts of fluid. Care must be taken, for when only a thin film of 
exudate lies under the anterior parietal portion of the peritoneum the aspirated 
fluid may fill only the needle and not appear in the syringe. Therefore, suction 
should be continued as the needle is withdrawn. Contrary to the opinion of 
others, I have found this to be a safe procedure and have never injured or pene- 
trated the bowel. The quantity of fluid aspirated does not necessarily parallei 
the amount assumed to exist in the peritoneal cavity. The Denzer trocar-cannula ? 
is sometimes used for abdominal puncture. After this is inserted into the perito- 
neum, the trocar is withdrawn and a fine glass capillary tube is introduced to 
extend 2 mm. beyond the end of the cannula. The capillary attraction of the glass 
is said to reveal fluid when small quantities, as low as from 7 to 10 cc., are present. 
The fluid is smeared and stained by the Gram technic. It is thin, odorless, turbid 
and yellowish or greenish. 


All the specimens of fluid obtained on paracentesis yielded pure 
cultures of Str. haemolyticus (beta), with the exception of one which 
yielded Str. viridans (alpha) and another in which were found a few 
colonies of Bacillus coli mixed with the predominating hemolytic strep- 
tococci. All of the fluids had gram-positive cocci in short chains with 
many polymorphonuclear cells; in only one were the pus cells absent. 
The peritoneal exudate often showed a positive reaction as early as the 
first day of peritoneal involvement. 


1. Neuwhof, H., and Cohen, I.: Abdominal Puncture in the Diagnosis of Acute 
Intraperitonéal Disease, Ann. Surg. 83:454, 1926. 

2. Denzer, B. S.: The Diagnosis of Peritonitis and Peritoneal Transudates 
in Infants by Means of Abdominal Puncture with the Capillary Tube, Am. J. M 
Se. 163:237, 1922. 
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Specimens of blood were taken in twenty-three cases; on culture, 
eight showed pure growths of Str. haemolyticus (beta), ranging from 
15 to 450 colonies per cubic centimeter; fifteen were sterile, and one 
showed Str. viridans (alpha), the same as in the peritoneal fluid. Most 
of the cultures were made within thirty-six hours of admission, about 
from three to five days after the onset of the illness. The leukocyte 
count was elevated, ranging from 14,000 to 60,000, and averaging 
22,000, with about 95 per cent neutrophils. 

The following technic, developed by Dr. Gregory Shwartzman, has 
been used for blood cultures in the last seven years: 


The freshly drawn blood is inoculated into the mediums at the bedside. Two 
cubic centimeters of blood is placed in tubes containing, respectively, dextrose 
agar and semisolid medium (dextrose broth, agar and chopped beef) and in a 
tube containing an anaerobic medium (liver in dextrose broth). Five cubic 
centimeters of blood is put into flasks containing, respectively, tomato extract- 
dextrose broth, dextrose broth and plain broth. At the end of twenty-four hours, 
smears are made of the specimens in all suspicious flasks. The clear mediums 
are each inoculated into a tube containing ascitic agar slant and one containing 
dextrose broth. This procedure is repeated on the second day. 

The peritoneal fluid is cultured on dextrose broth, on anaerobic liver broth and 
on plates of the medium of Endo, plain agar, blood agar and ascitic fluid agar. 
Hemolytic colonies are all inoculated into esculin mediums (esculin, sodium tauro- 
cholate, peptone and ferric sulfate). The beta hemolytic streptococcus has no 
effect on this, while the hemolytic enterococcus turns the mediums black in a day. 


THERAPY 


Those patients who were first seen in a prostrated condition had an 
unfavorable prognosis. The marked septic condition so dominated the 
syndrome that any early operative procedure was definitely contraindi- 
cated. Unfortunately, no panacea was found, each case being a problem 
unto itself. In view of the high mortality, various types of manage- 
ment were tried. Supportive treatment was important in all. The 
patients were placed in a high Fowler position and given continuous 
intravenous drips of 5 per cent dextrose in saline or in Ringer’s solu- 
tion. A transfusion of from 50 to 225 cc. of citrated blood or of 
normal human serum was given every two or three days. Intravenous 
injections of pooled antistreptococcus serum or mercurochrome were 
sometimes used as adjuncts, but they gave no consistently beneficial 
results. The temperature rose to 103 F., with a decrease in the morning 
to 100 F.; in a fourth of the cases there was a terminal pyrexia with a 
temperature of 107 F. Sponge baths with alcohol were freely used for 
the patients’ comfort. Often the meteorism increased, and paralytic 
ileus with gastric retention set in, requiring gastric lavage. For local 
treatment, heat may be applied, but cold is preferred. The use of ice 
bags or the Leiter coil is efficacious. As aids in relieving distention, 
suppositories of glycerin, turpentine stupes and the administration of 
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physostigmine or of small doses of posterior pituitary may be repeated 
every three hours. 

Feeding of children was often a problem. When no gastric reten- 
tion was present, liquid and soft diets were given with impunity. When 
regurgitation occurred, gastric lavage before feedings often helped in 
keeping the food down. Even though distention and fever were pres- 
ent, food was given by mouth to the cooperative patients. 

In those having mild sepsis with evidence of much peritoneal exu- 
date, clinical relief was sometimes obtained by abdominal drainage 
performed by the most expedient method. This was done either by 
repeated aspiration or by the temporary insertion of a catheter into the 
enlarged paracentesis track. In one patient who recovered, small drains 
purposely inserted in each inguinal region yielded more than 136 ounces 
(4,080 cc.) of pus before the opening was closed. Encapsulation of 
the peritoneal exudate occurred about two weeks after the onset of 
peritoneal symptoms. Localization of infection was attended by general 
improvement, so that drainage could then be performed with safety. 
Often small exudates felt only by rectal examination eventually resolved 
spontaneously. Encapsulation was recognized by palpation of an 
abdominal tumor rather than by the character of the pus, for in the 
later stage the exudate is only slightly thicker than at first. 

Of the complications, bronchopneumonia alone cr combined with 
pleural exudation was the most common. Its presence did not neces- 
sarily elevate the temperature or increase the leukocyte count. Thora- 
centesis was performed as often as necessary to control respiratory or 
cardiac embarrassment. The urinary output was satisfactory, and lab- 
oratory examination revealed evidence of acute nephritis in only three 
patients. Meningeal irritation was present in only two cases. In three 
patients who recovered scattered abscesses of the skin or bone developed 
during their long convalescence. When death occurred, it was due to 
an overwhelming sepsis. All of the patients who recovered were seen 
at various intervals after discharge and were found to be quite well 
and symptomless. 

Nine patients recovered. Six were treated surgically and three 
medically. Of the latter, one had a small catheter inserted for several 
hours through the enlarged paracentesis opening. Of those treated 
surgically, two had operation postponed until definite localization 
occurred, the abscess then being drained. Appendectomy with drainage 
was performed on two patients, and two more had abdominal drains 
inserted without anything more being done. 


POSTMORTEM OBSERVATIONS 
Autopsy was performed in twenty-one of thirty-three fatal cases. 
There was no relation between the severity of the peritoneal patho- 
logic process and the duration and severity of the illness. The abdomen 
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Data in Forty-Two Cases of 


— 


Tempera- 
ture (Days Abdom- 
Infection Before inal 
Date of Time in Diagnosis on (Days Before Admis- Disten- Bowel Leuko- 
Sex Age Admission Hospital Admission Admission) sion) Vomiting tion Habits cytosis 
F lyr. March 73days Osteomyelitis; Pharyngitis 102 F. 2+ 4+ Constipated 20,800 
1924 streptococcic 11 days Sdays S8days 7 days 
peritonitis 104 F. = 
pa 


F 9 yr. October 4 days Peritonitis, tuber- Pneumonia 105 F. 2+ 1+ Diarrhea 21,100 
1924 culous or pneu- ll days 7 days 5 days 7 days 3+ 
mococcie with 5 days 


M 54 yr. April 2 days Subacute pan- Pharyngitis 104 F. 0 1+ Constipated 16,100 
1925 creatitis 5 days 4 days 4 days 
102 F. with with 
chills pain 
F 6mo. March 8 hr. Peritonitis; men- 0 - AF. 2+ 3+ Constipated 
1927 ingitis S8days Iiday 3 days 


M 9mo. March 1 day Pyelonephritis 0 104 F. 2+ 2+ Diarrhea 17,300 
1927 lidays 2days 4days 1+ 
l day 
M 6mo. June 40 days Peritonitis; pneu- Pharyngitis 108 F. 0 3+ Diarrhea 26,100 
: 1927 monia 5 days 3 days Sdays 1+ 


January 8 hr. Peritonitis or 0 101 F. 2+ 2+ 
1928 intussusception Sdays Sdays 3days 


February 3 days Primary peri- Pharyngitis 105 F. 2+ 2+ Diarrhea 19,900 
1928 tonitis 1 wk.; otitis 7 days 2 days 2days 2+ 
media 3 days 2 days 


February 3days Primary peri- Pharyngitis 106 F. 0 4 Constipated 11,30 
1928 eee pneu- 1 wk. 4 oe l day 
monia wit 


chills 
M 1lmo. April 8days Primary peri- Pharyngitis 102 F. 0 4+ Diarrhea 14,800 
1928 tonitis; sepsis 1 wk. 7 days l day 3+ 


2 wk. 


M lyr. December 10hr. Appendical Pharyngitis 104 F. 0 RE ee 23,100 
1928 peritonitis 3 days 10 days 3 days 
or adenitis — a 


F 3mo. December 1 day Primary peri- Pharyngitis 102 F. 0 3+ Diarrhea 
1928 tonitis 5 days 5 days lday 1+ 


February 1 day Primary peri- Pharyngitis 106 F. 1+ SAC Aa 14,400 
1929 — paralytic 5days iday lday 
eus 


February 8days Primary peri- Pharyngitis 105 F. 0 3+ Normal 13,700 
1929 tonitis; sepsis 2wk.; bilateral 5 days 5 days 
otitis media 
1 wk. 
M 6mo. March 1 day Primary peri- Pharyngitis 101 F. 0 3+ Diarrhea 
1929 tonitis 6 days 4 days 4days 2+ 
108 F. 4 days 


F 2wk. May 12 hr. Peritonitis Pharyngitis 102 F. 2+ 38+ Diarrhea 
1929 4 days 4days iday 2days 2 


Primary . 


Cultu 
Fluid Ot 
on Abd 
Pune 


Str. haem 
(beta), fi 


Str. haem 
(beta), lo 
quadrant 


Str. haem 
(beta), ur 
quadrant. 


Str. virids 


Str. haem 
(beta), fir 


Str. haem 
(beta) 


Str. virida 


Str. haem 
(beta), lov 
quadrant, 


Str. haeme 
(beta), fir: 


Str. haem 
(beta), fir: 


Str. haem 
(beta), sec 


Str. haem: 
(beta )» fir: 


Str. haem< 
(beta) 


4 
—— 
pain 
ad 
| 
4 
ays 
a 


21,100 


16,100 


17,300 


26,100 


11,300 


14,800 


23,100 


14,400 


13,700 


Primary Streptococcic Peritonitis 


Culture of Blood 


Fluid Obtained Culture 
on Abdominal (Days After 
Puncture Admission) 


Str. haemolyticus 
(beta), first day 


Str. haemolyticus 
(beta), tenth day 


Str. haemolyticus 
(beta), lower right 
quadrant, first day 


Str. haemolyticus Negative, first 
(beta), upper left ay 

quadrant, first day 

Str. viridans Negative, first 


day 


Str. haemolyticus Negative, first 


(beta), first day and fourth days 
Str. haemolyticus Negative, first 
(beta) day 

Str. viridans Str. viridans 

Str. haemolyticus Str. haemolyticus 
(beta), lower left (beta), first day 
quadrant, first day 

Str. haemolyticus Negative, first 
(beta), first day day 

Str. haemolytieus Negative, first 
(beta), first day day 

(beta), second day 


Str. haemolyticus 
(beta), first day 


Str. haemolyticus 


Operative 
Procedure 


Tube drainage 
of lower left 


quadrant, 
second day 


Puncture 
drainage of 
epigastrium 


Laparotomy; 
nothing done 


Operative 
Findings 
and Culture 
of Exudate 


Generalized 
ritonitis; 


e adhe- 
sions 


Generalized 
bile-stained 
peritonitis 


Clinical 

Observa- 

tions and Results, (Recovery, 
Developments Death or Autopsy) 


Thoracotomy for 
effusion; Str. 
haemolyticus on cul- 
ture; incision and 
drainage of multiple 
bone abscesses 
Tleus; accidental 
pneumothorax 
after thoracentesis 


Follow-up study; patient 
symptomless and well 


General peritonitis; Str. haemo- 
lyticus (beta) and Staph. 
aureus on culture; broncho- 
pneumonia of right lung; left 
pneumothorax; B. coli and 
mixed streptococci on culture 
of vaginal discharge 


General peritonitis; 500 cc. of 
pus; Str. haemolyticus (beta) 
on culture; splenomegaly; no 
source of infection found 


General peritonitis; 30 ce. of 
pus; Str. haemolyticus (beta) 
on culture; mesenteric adenitis; 
brain normal; pure B. coli on 
culture of appendix 


Died 


Toxic jaundice 


Puncture drain- 
age of lower left 
quadrant 


Laparotomy; 
nothing done 


Generalized 
peritonitis; 
Str. haemo- 
lyticus (beta) 
on culture 


Drainage of small 
subcutaneous ab- 
scess on twenty- 
third day 


Collapse; temper- 
ature to 105 F. 


Follow-up study: patient 
symptomless and well 


Died 


Str. viridans on 


General peritonitis; bilateral 
culture of material 


bronchopneumonia; tonsils 


from throat necrotic with thrombosis 
of vessels 
Erysipelas on face General peritonitis; 50 cc. of 
developed on first pus; Str. haemolyticus (beta) 
day on culture; bronchopneumonia 
and pleurisy; esophagitis 
Collapse General peritonitis; Str. haemo- 
lyticus (beta) and B. coli on 
culture; bronchopneumonia 
of upper lobe of right lung 
Extreme disten- General peritonitis; Str. haemo- 
tion with temper- lyticus (beta) on culture; 
ature to 107 F. edema of ascending colon; 
mesenteric adenopathy; 
abscesses of tonsils; 
splenomegaly 
Umbilicus red; Died 
temperature up 
to 104 F 
Moribund on General peritonitis; 240 ce. of 
admission; fluid, Str. haemolyticus (beta) 
umbilicus red and few B. coli on culture; 
and pouting bronchopneumonia; a 
of tonsils 
Moribund on General peritonitis; 300 ce. of 
admission 


pus; purulent otitis media; 
splenomegaly 


Moribund on ad- 


General 
mission; umbilicus 


ritonitis; 100 cc. of 
us; multiple abscesses of the 


red and pouting ung; mesenteric adenitis; 
acute tonsillitis 

Moribund on General peritonitis; 200 ec. of 

admission fluid; Str. haemolyticus (beta) 


on culture; mesenteric aden- 
itis; purulent hepatitis 


j 


F 


Age 
6 yr. 


9 mo. 


18 mo. 


49 yr. 


4 mo. 


8 yr. 


1 mo. 


6 mo. 


5 yr. 


6 mo. 


Date of Time in 
Admission Hospital 
July 1 day 
1929 
August 12 hr. 
1929 
January 2 days 
1980 
February l day 
1930 
February 1 day 
1981 
February 17 days 
1981 
January 10 hr. 
1932 
February 4days 
1932 
June 2 days 
1932 
June 2 days 
1932 
November 7 days 
1932 
January 7 wk. 
1933 
February 5 days 
1933 


Data in Forty-Two 


Cases of Primary 


Diagnosis on 
Admission 


Peritonitis 


Toxicosis 


Primary peri- 
tonitis 


Primary peri- 
tonitis 


Peritonitis 


Pneumonia; 
otitis media 


Intestinal 
obstruction 


Enteritis or 
appendicitis 


Primary peri- 
tonitis; phar- 
yngitis 


Enteritis: 
sepsis 


Primary peri- 
tonitis 


Acute appendicitis 


or primary 
peritonitis 


Primary peri- 
tonitis 


Preceding 
Infection 
(Days Before 
Admission) 


Bronchitis 
1-4 days 


Pharyngitis 
days 


Pharyngitis 
2 wk. 


History 
obscure 


Grip 5 wk. 


Otitis media 
4 days 


Pharyngitis 
and cervical 
adenitis 10 days 


Pharyngitis 
7 days 


Pharyngitis 

7 days 

Pharyngitis 
days 

108 F. 


Tempera- 
ture (Days Abdom- 
Before inal 
Admis- Disten- 
sion) Vomiting tion 
104 F. 1+ 0 
2 days 1 day 
with 
pain 
104 F. 1+ 3+ 
5Sdays iday 1 day 
100 F. 0 3 
2 days 2 days 
103 F. 3+ 3+ 
4 days l day 1 day 
with 
pain 
104 F. 2+ 2+ 
8 hr. & hr. Shr 
102 F. 0 0 
4 days 
03 F. 2+ 4+ 
12 hr. 12 br. lday 
104 F. 1+ 1+ 
4 days day with 
pain 
l day 
103 F. 3+ 
4 days 4 days 
101 F. 2+ 
with with 
chilliness pain 
4 days 2 days 
102 F. 1+ 3+ 
2 days 2 days 2 days 
102 F. 1+ with 0 
5 days pain in 
lower right 
quadrant 
1 day 
102 F. 3+ 8+ 
5 days 2 days 4 days 


Bowel 
Habits 


Diarrhea 
4+ 
lday 


Diarrhea 
2+ 
1 day 


Diarrhea 
3+ 
4 days 


Diarrhea 
2+ 
2 days 


Constipated 


31,000 


26,400 


11,200 


30,000 


9,800 
13,200 


13,700 


Streptococ 


Cultur 
Fluid Ob 
on Abdo 

Punet 


Str. haem 
(beta) on 
and fourt 
days 


Str. haem 
(beta), lov 
quadrant. 


Str. haem 
(beta), fir 


Str. haem 
(beta), lo 
quadrant 


Str. haem 
(beta), fix 


Str. haem 
(beta), lo 
quadrant 


4 


31,000 


26,00 


11,200 


14,000 


9,800 
13,200 


ed 


13,700 


Streptococcic Peritonitis—C ontinued 


Culture of 
Fluid Obtained 
on Abdominal 

Puncture 


Str. haemolyticus 
(beta) on twelfth 
and fourteenth 
days 


Str. haemolyticus 
(beta), lower left 
quadrant, first day 


Str. haemolyticus 
(beta), first day 


Str. haemolytieus 
(beta), lower right 
quadrant 


Str. haemolytieus 
(beta), first day 


Str. haemolyticus 
(beta), lower left 
quadrant, first day 


Blood 
Culture 
(Days After 
Admission) 


Negative, eleventh 
and twelfth days 


Negative, first day 


Str. haemolyticus 
(beta) 


Negative, first day 


Negative, second 

day 

Str. haemolyticus 
(beta), third and 

sixth days 


Operative 
Procedure 


Appendectomy 


Laparotomy; 
nothing done 


Laparotomy; 
nothing done 


Appendectomy 
with drainage 


Laparotomy; 
nothing done 


Laparotomy; 
nothing done 


Appendectomy 
with drainage 


Operative 
Findings 
and Culture 
of Exudate 


Generalized 
peritonitis; 
Str. haemo- 
lyticus (beta) 
on culture 


Generalized 
peritonitis: 
Str. haemo- 
lyticus (beta) 
on culture 


Generalized 
peritonitis; 
Str. haemo- 
lyticus (beta) 
and Staph. 
albus on 
culture 


Generalized 
ritonitis; 
tr. haemo- 
lyticus (beta) 
on culture; 

fine adhe- 
sions 


Generalized 
peritonitis; 
right tube 
reddened 


Generalized 
peritonitis; 
Str. haemo- 
lyticus (beta) 
on culture 


Generalized 
ritonitis; 
tr. haemo- 
lytieus (beta) 
on culture; 

smear of 
fiuid showed 
many pus 
cells but no 
organisms 


Clinical 
Observa- 
tions and 

Developments 


Abdomen stayed 
seaphoid; temper- 
ature to 106 F. 


Moribund on 
admission 


Temperature to 
1 


Moribund on ad- 
mission; temper- 
ature to 108 F. 


Temperature to 
107 F. 


Abdominal pain 
and distention 
on eleventh day 
in hospital after 
ehill 


Moribund on 
admission 


Pouting umbilicus 


Temperature 106 F. 
on admission; 
marked cervical 
adenopathy 


Temperature rose 
to 107 F.; B. coli 
and Str. viridans on 
culture of material 
from throat 


Umbilicus red and 
pouting 


Rupture of wound 
and ileus on eighth 
day; large pelvic 
mass developed 
which cleared 
spontaneously 


Spinal puncture 
negative B. coli 
on vaginal cul- 

ture; umbilicus 

reddened 


Results (Recovery, 
Death or Autopsy) 


General peritonitis; 1,000 cc. of 
fluid; Str. haemolyticus (beta) 
and B. coli on culture; pneu- 
monia; hemorrhages in lungs; 
mesenteric adenitis 


General peritonitis; Str. haemo- 
lytieus (beta) and B. coli on 
culture; bilateral bronchopneu- 
monia; acute tonsillitis 


Died 


Died 


Died 


General peritonitis, 1,000 ce. of 
fluid; Str. haemolyticus (beta) 
on culture; bronchopneumonia; 
Str. haemolyticus (beta) and 
B. coli on culture from lung: 
bilateral fibrinopurulent 
pleurisy 


General peritonitis; Str. haemo- 
lyticus (beta) on culture; 
edema of mesentery and retro- 
peritoneal tissue; atelectasis 
General peritonitis; 150 cc. of 
fluid; Str. haemolyticus (beta) 
on culture; pleural effusion; 
atelectasis 


Died 


Died 


Died 


Follow-up study: patient 
symptomless and well; small 
incisional hernia seen 


General peritonitis; pleurisy on 
right side, seemingly by 
extension from abdomen 


Primary | 
cy tosis 


Sex Age 
F 1 mo. 
M 2 mo. 
F 4yr 
F Syr 
M 1 yr. 
M 6 mo. 
F $2 yr. 
M 4yr 
I 5 yr. 
F 11 yr. 
F 6% yr. 
M i%yr 
F 40 yr. 


Date of 
Admission 


March 
1933 
April 
1933 


July 
1983 


October 
1933 


March 
1934 


March 
1934 


April 
1934 


April 
1934 


May 
1934 


February 
1935 


February 
1985 


February 
1985 


May 
1935 


Time in 
Hospital 


6 days 


7 days 


1 day 


lday 


2 days 


2 days 


8 mo. 


4 wk. 


4 days 


6 wk. 


25 days 


1 mo. 


Data in Forty-Two Cases of Primary 


Diagnosis on 
Admission 


Erysipelas of 
chest 


Erysipelas of 
cheek 


Primary peri- 
tonitis; tonsil- 
litis 


Primary peri- 
tonitis; sepsis 


Primary peri- 
tonitis; sepsis 


Primary peri- 
tonitis; pneu- 
monia 


Peritonitis 


Peritonitis; 
pleurisy; 
tonsillitis 


Pyelitis; 
perinephritie 
abscess (7) 


Primary peri- 
tonitis 


Sepsis 


Peritonitis 


Ruptured appen- 
dix (?) 


Preceding 
Infection 
(Days Before 
Admission) 
Erysipelas 

of chest 
2 days 


Pharyngitis 
and otitis 
media 6 days 


Pharyngitis 
4 days 


Cough and 
otitis media 
3 days 
Otitis media 
2 wk. 

106 F. 
Pneumonia 
5 days 


Pharyngitis 
6 days 


Pharyngitis 
and otitis 
media 6 days 


Pharyngitis 
8 wk. 


Pharyngitis 
10 days 


Pharyngitis 
5 days 


Pharyngitis 
1 wk. 


Tempera- 
ture (Days 
Before 
Admis- 
sion) Vomiting 
101 F. 0 
4 days 
102 F. 0 
3 days 
102 F. 0 
4 days 
104 F. 2+ 
3 days with 
pein 
2 aays 
104 F. 2+ 
7 days lday 
102 F. 2+ 
5days  3days 
103 F. 0 
1 day 
103 F. 2+ 
and 2 days 
chilliness 
6 days 
104 F. 0 
10 days 
104 F. 4+ 
Sdays 3days 
102 F. 0 
5 days 
103 F. 2+ 
4days 4days 
103 F. 0 
7 days 


Abdom- 
inal 
Disten- 
tion 


Diarrhea 
4+ 
3 days 


Constipated 


17,000 


15,000 


33,100 


37,700 


34,000 


27,000 


39,900 


10,000 


Streptococe 


Cultur 
Fluid Obi 
on Abdo 

Punct 


Str. haem« 
(beta), sev 


Str. 
(beta), lov 
quadrant 


Str. haem: 
(beta) and 
B. coli 


Str. haem 
(beta) 


Str. haem 
(beta), lo 
quadrant, 
Str. haem: 
(beta), fir 
second da 


Negative, 
Str. haem 
(beta), lo 
quadrant 
day 


Str. haem 
(beta), lo 
quadrant 


Str. haem 
(beta), fil 
Str. haem 
(beta), fi 
third day 


Str. haen 
(beta), lo 
quadrant 


— 
days 
pain 1 day 
2 days 
pain 7 days 
6 days 


17,000 


15,000 


33,100 


37,700 


34,000 


27,000 


39,900 


10,000 


Streptococcie Peritonitis—C ontinued 


Culture of Blood 
Fluid Obtained Culture 
on Abdominal (Days After 
Puncture Admission) 
Str. 
(beta), seventh day 
Str. haemolyticus Str. haemolyticus 
(beta), lowerright (beta) 


quadrant 


Str. haemolyticus 
(beta) and few 


Str. haemolyticus 
(beta) 
B. coli 


Str. haemolytieus 
(beta) 


Negative 


Str. haemolytieus 
(beta), lower left 
quadrant, first day 


Str. haemolyticus 
(beta), first and 
second days 


first 
and second days 


Negative, first day; 
Str. haemolyticus 
(beta), lower left 
quadrant, second 
day 


Negative, first day 


Str. haemolyticus 
(beta), lower left 


Negative, third 
day 
quadrant, third day 


Str. haemolyticus 
(beta), first day 


Str. haemolyticus 
(beta), first and 
third days 


Negative, second 
day 


Negative, third 
day 


Str. haemolyticus 
(beta), lower right 
quadrant, first day 


Str. haemolyticus 
(beta), first day 


Operative 
Findings 
Operative and Culture 
Procedure of Exudate 
Drainage of Large 
pelvic abscess amount of 
after 2 months’ pus in 
hospitalization cul-de-sac; 
Str. haemo- 
lytieus (beta) 
on culture 
Drainage of Large 
pelvic abscess amount of 
after 17 days s above 
in hospital ladder; 
Str. haemo- 
lyticus (beta) 
and Staph. 
albus on 
culture 
Drainage of Large 
abdominal pus amount of 
by bilateral s and 
inguinal incisions general 
on second day peritonitis; 
filmy adhe- 
sions seen 
General 
and drainage peritonitis; 
terminal 
fleum and 
mesentery 
thickened; 
Str. haemo- 
lyticus (beta) 
on culture 


Clinical 
Observa- 
tions and 

Developments 


Erysipelas spread 
to whole torso 
on sixth day 
developing 3+ 
distention 


Jaundice with 
spreading of ery- 
sipelas developed 
on seventh day 


Str. haemolyticus 
(beta) on culture 
of material from 
throat; chill with 
temperature of 

106 F. on admission 


Marked distention 
and vomiting 
developed; umbili- 
cus reddened 


Green watery 
diarrhea developed 
in hospital 


Pleural effusion 
developed on right 
side; Str. haemo- 
lyticus (beta), 
Staph. albus, and 
diphtheroids on 
culture of material 
from throat 


Str. haemolyticus 
(beta) on culture 
of material from 
throat; ileus de- 
veloped after 
operation; very ill 


Distention, vomit- 
ing, and diarrhea 
developed on second 
day in hospital 


Required two drain- 
ages of left pleural 
effusions; large 
amount of pus 
drained from chest 
and abdomen 


Abscess of buttock 
drained; Staph. 
aureus on culture 
Tleus developed 


for 4 days after 
operation 


Results (Recovery, 
Death or Autopsy) 


General peritonitis; 50 cc. of 
fluid; Str. haemolyticus (beta) 
on culture; atelectasis; patent 
foramen ovale 


Died 


General peritonitis; 250 ec. of 

fluid; Str. haemolyticus (beta) 
on culture; bilateral pleurisy; 
aeute nephritis (medical) 


Died 


General peritonitis; 500 ec. of 
pus; confluent bronchopneu- 
monia; mesenteric adenopathy 


Follow-up study: patient 
symptomless and well 


Follow-up study: patient 
symptomless and well: 
except for slight incisional 
hernia 


General peritonitis; left retro- 
peritoneal phlegmon; embolic 
abscesses of jejunum; fibrin- 
ous pleuritis; bronchopneu- 
monia 


Follow-up study: patient 
symptomless and well 


Follow-up study: patient 
symptomless and well 


Follow-up study: patient 
symptomless and well 


Follow-up study: patient 
symptomless and well 
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was distended as a result of intestinal paralysis and the peritoneal 
exudate. The fluid was odorless, thin, turbid and yellowish or green and 
varied in quantity from 200 to 1,100 cc. Often the larger amounts were 
found in small children showing slight tympanites. The peritoneum was 
diffusely reddened, granular and frequently covered with small fibrinous 
plaques. Sometimes there were weblike strands between loops of bowel. 
The pus had no interintestinal loculations but lay free beneath the 
parietal peritoneum. There was no indication that the infection had 
started or had been especially severe in any one part of the abdomen. 
Several of the females had had a slight vaginal discharge, but examina- 
tion revealed no evidence that the peritoneum had been involved through 
an ascending genital infection. In none of the thirteen females was 
there inflammation of the mucosa of the uterine tube. In five cases in 
which there was a pouting reddened umbilicus before death, no evidence 
of omphalitis was discovered at autopsy. The major pathologic changes 
were: fibrinopurulent peritonitis, twenty-one cases—pure cultures of 
hemolytic streptococcus, twelve; no culture, five, and a few colon bacilli 
mixed with the predominating beta hemolytic streptococcus, four— 
mesenteric adenopathy, six ; bronchopneumonia, seven; pneumonia with 
pleurisy, three ; pleurisy alone, three; atelectasis, four ; acute or necrotiz- 
ing tonsillitis, five; otitis media, eleven, and erysipelas, three. Cultures 
of some mesenteric glands were sterile. The few colon bacilli present 
in the peritoneal exudate were thought due to postmortem contamination. 

Whether the bronchopneumonia preceded or followed the peritonitis 
can only be surmised. It is well known that bacteria from the abdomen 
can easily pass through the central tendon of the diaphragm to reach 
the pleural cavity and that they can pass in either direction through 
the diaphragm. There was no especial accentuation of subphrenic 
inflammation to indicate that the peritoneum had been involved by con- 
tinuity. The atelectasis and basilar pneumonia were probably due to 
the fixation and elevation of the diaphragm by the meteorism. 

Sections were made of all organs, especially of the intestines. There 
was infiltration of the serosa in eight cases, showing many polymorpho- 
nuclear cells with gram-positive cocci. This extended to the subserosa 
in one case and to the muscle layer in another. A similar picture was 
seen in all of the appendixes removed at autopsy or at operation. The 
mucosa nowhere had inflammatory or ulcerative changes, not even in 
those patients who had had diarrhea. There was no evidence that the 
infection had originated in the mucosa and had passed through the intes- 
tinal wall to involve the peritoneum. In practically all the cases there 
were mild degenerative changes in the liver; in a third the spleen was 
enlarged and showed evidence of infection, while the kidneys were 
microscopically free from damage. The enlarged mesenteric glands 
resembled those seen in any other type of peritonitis or systemic 
infection. 
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POLLOCK—STREPTOCOCCIC PERITONITIS 


COMMENT 


Primary or metastatic streptococcic peritonitis is defined as a peri- 
toneal involvement which has not spread directly from a contiguous 
source of infection. In all except one of the cases at the Mount Sinai 
Hospital Str. haemolyticus (beta) was present in the peritoneal exudate 
which was obtained at laparotomy, at autopsy or by abdominal puncture. 
There are few large series reported,* and there must be many cases 
which are not recognized. The origin of the peritonitis is most fre- 
quently an acute infection of the upper respiratory tract. Many cases have 
been observed during epidemics of streptococcic sore throat,* and some 
cases have been observed in which the condition complicated erysipelas * 
or scarlet fever.® 

The streptococci reached the peritoneum through the blood stream. 
Blood cultures are positive in 40 per cent, often within a day after peri- 
toneal involvement. The monobacterial and general peritoneal involve- 
ment indicate this hemotogenous route, although a selective affinity of 
this organism for the peritoneum has not been proved.‘ Visceral 
abscesses are rarely seen, but this might be due to the short duration 
of the condition in the fatal cases. However, abscesses of the skin were 
present in three patients who recovered. 

The lymphatic system rarely plays the leading role in metastasis. 
In one instance, acute pharyngitis was followed by descending retro- 
pharyngeal, mediastinal and, ultimately, retroperitoneal phlegmon. 
Peritonitis was thought due to the rupture of a suppurative mesenteric 
lymph gland. Those who believe that the lymphatics are the only 
pathway of spread’ also believe that the abundant lymphoid tissue at 
the ileocecal region and in the appendix causes the peritonitis to start 


3. (a) Barrington-Ward, L. E.: Pneumococcal and Streptococcal Peritonitis, 
Brit. M. J. 2:704 (Oct. 15) 1932. (b) Duncan, J. H.: Primary Peritonitis, 
Canad. M. A. J. 24:778 (June) 1931. (c) Lipshutz, B., and Lowenburg, H.: 
Pneumococcic and Streptococcic Peritonitis, J. A. M. A. 86:99 (Jan. 9) 1926. 
(d) Rabinowitz, M. A.: Acute Hematogenous Streptococcic Peritonitis, Am. J. 
M. Sc. 157:797 (June) 1919. 

4. (a) Capps, J. A., and Miller, J. L.: The Chicago Epidemic of Strepto- 
coccus Sore Throat, and Its Relation to the Milk Supply, J. A. M. A. 58:1848 
(June 15) 1912. (b) de la Chapelle, A.: Beitrag zur Kenntnis der sogenannten 
primaren akuten Streptokokkenperitonitiden mit besonderer Beriicksichtigung ihrer 
Beziehungen zur Angina tonsillaris, Arb. a. d. path. Inst. d. Univ. Helsingfors 
2:583, 1907. (c) Hamburger, L. P.: An Epidemic of Septic Sore Throat in 
Baltimore, J. A. M. A. 58:1109 (April 13) 1912. Rabinowitz.24 

5. Pflaum, C. C.: Postmortem Analysis of Etiology of Peritonitis, J. Missouri 
M. A. 30:72 (Feb.) 1933. 

6. Kojis, F. G., and McCabe, E. J.: Primary Peritonitis Complicating 
Scarlet Fever, Am. J. M. Sc. 185:710, 1933. 

7. Pribram, B. O.: Ueber Lymphangitis Mesenterialis, Arch. f. klin. Chir. 
140:589, 1926. de la Chapelle.*> 
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here.** However, this must postulate a reversal of the normal direc- 
tion of the abdominal lymphatic flow. Moreover, the peritoneal symp- 
toms rarely start or localize in the lower right quadrant but are diffuse 
over the abdomen. The mesenteric adenopathy is seen in the minority 
of cases; when present, it resembles the adenopathy seen in any general 
peritonitis. 

The third route of infection is by the intestinal tract.* Stasis at 
the cecum is said to favor the passage of ingested bacteria through the 
parietes at this point.? Streptococci can be cultured from the peritoneum 
over ulcers of the mucosa.*® However, they can also be cultured from 
the serous surfaces of the intact intestine after the ingestion of the 
organisms.‘ The fact that streptococci are sometimes cultured from 
the feces does not necessarily indicate this to be the mechanism of 
involvement. It seems that peritonitis due to this means would display 
the same mixed intestinal flora seen in perforations of the lower part 
of the bowel.** This theory postulates a selective permeability of the 
intestines for Str. haemolyticus, which has not been proved to exist. All 
microscopic sections show the bacteria penetrating the wall of the 
bowel inward from the serosa, which disproves this hypothesis. 

The recoveries of the patients 6 months and 1% years old seem 
to be the only instances on record of the recovery of a child less than 
2 years of age, thus reducing the mortality in the twenty-five cases in 
this age group to 92 per cent. The previous 100 per cent mortality in 
children less than 2 years of age stresses the nature of the reaction of 
the peritoneum to infection. In infants, the peritoneum has marked 
absorbing powers without the ability to form localizing adhesions. 
While the absorptive properties persist through life, the peritoneum 
develops ‘its defensive mechanism of encapsulation, which, with the 
growth of the omentum, determines the lowered mortality in older 
children and adults. 

The injection and granular appearance of the serosa at the onset 
of infection do not differ from the picture seen in any other general 
peritonitis.* There is a rapid formation of the thin exudate con- 


8. Fraenkel, A.: Ueber peritoneale Infektion, Wien. klin. Wchnschr. 2:241, 
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9. Barber, W. W.: Primary Streptococcic Peritonitis in Children, Colorado 
M. J. 29:324 (Aug.) 1932. 

10. Wile, S. A., and Saphir, O.: Migratory Peritonitis: A Clinicopathologic 
Study of So-Called Hematogenous Peritonitis in Children, Am. J. Dis. Child. 
43:610 (March) 1932. 

11. Bail, M.: Die Schleimhaut des Magendarmtractes als Eingangsporte pyo- 
gener Infektionen, Arch. f. klin. Chir. 62:369, 1900. Mandl, F.: Beitrag zur 
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taining many hemolytic streptococci and pus cells. The amount of 
the free exudate often exceeds a liter, even in a small child. Small 
fibrin plaques with scant, threadlike adhesions form on the serosa. 
Hemolytic streptococci excrete an enzyme which dissolves human fibrin.’* 
This explains the failure to produce firm adhesions and the fulminating 
course of the disease. At early operation and at autopsy, the pus is 
unconfined beneath the abdominal wall, with no interintestinal locula- 
tions. Since abscesses between intestinal loops are seen late in cases 
of peritonitis, their absence in cases of streptococcic peritonitis is proba- 
bly due to the virulence of infection and the short period of survival. 
The infection penetrates through the intestinal serosa, so that pus cells 
and organisms can be found in the subserosa. Paralytic ileus with 
gastric retention occurs often. When encapsulation does occur, it usually 
starts about two weeks after the onset of the illness. Some exudates 
which are felt only by rectum may resolve spontaneously. 

When the acutely ill child is seen, the temptation is to operate for 
fear that an obscured appendicitis may be present. Contrary to the 
opinion of others,’* I believe that operation is not indicated in all cases. 
One must be fortified by statistics. Hematogenous streptococcic peri- 
tonitis is most common in children under 2 years of age and occurs 
most frequently during the winter, while appendicitis is rare in this 
age group, constituting less than 1 per cent of all cases of appendi- 
citis ** and occurring in children more often during the summer.’** It 
is in this dilemma that paracentesis is of such value. 

The smear and culture of the aspirated peritoneal exudate are most 
important. The failure to get fluid does not necessarily exclude peri- 
tonitis. Smears showing only gram-positive cocci in short chains with 
an ultimate culture of Str. haemolyticus conclusively indicate strep- 
tococcic peritonitis and practically exclude appendicitis. No statistics 
are available on the bacteriologic picture of peritonitis secondary to 
appendicitis in infants, owing, undoubtedly, to the rarity of the disease. 
In childhood, however, aerobic cultures show pure B. coli in half the 
cases and B. coli mixed with Staphylococcus, Str. viridans or Pneu- 


13. Tillett, W. S.: The Occurrence of Antifibrinolytic Properties in the 
Blood of Patients with Acute Hemolytic Streptococcus Infections, J. Clin. Investi- 
gation 14:276 (March) 1935. 
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mococcus in the remainder.’® Pure growths of Streptococcus are found 
in less than 1 per cent of all cases of appendical peritonitis, and most of 
them are the viridans form.'* Streptococcus is not found more 
abundantly because B. coli when present so rapidly overgrows it.** 
Anaerobic cultures are difficult and tedious to make, but show obligate 
anaerobes ?® and B. Welchii in 90 per cent of the cases.*° Cultures of 
the emulsified walls of inflamed appendixes grow only B. coli and Str. 
viridans.** 

Appendicitis in children between 2 and 5 years of age is distinguished 
from the adult type by its greater tendency to perforation and more 
frequent spreading peritonitis,?* the mortality being 13 per cent. Pain, 
spasm and tenderness in the lower right quadrant occur in from 72 to 
96 per cent of the patients.** The temperature averages between 101 
and 103 F., and the leukocyte count in cases in which perforation occurs 
is between 16,000 and 20,000. 

The following conditions must be considered in the differential 
diagnosis : 

Pneumococcic peritonitis. The onset of pneumococcic peritonitis 
resembles that of the streptococcic form in the sudden, diffuse abdominal 
pain, distention, tenderness and vomiting. The temperature often rises 
to 104 F. It is more frequently seen in females and is almost exclusively 
a disease of childhood, particularly of the first decade. In the early 
stage, pneumococci may be found in the vaginal secretion. Absolute 
diagnosis depends on the finding of gram-positive diplococci in pure 
culture on abdominal puncture. Localization of the peritoneal infection 
is commonly seen in the later stages, so that the prognosis is better 
than in the streptococcic type. 

Acute serous peritonitis. This condition, which, strictly speaking, is 
not peritonitis, may occur at any age. The slight general abdominal pain 


16. Farr, C. E., and Brakeley, E.: Appendicitis in Children, S. Clin. North 
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Appendiceal Peritonitis, Surg., Gynec. & Obst. 47:401, 1928. 
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may be more severe over McBurney’s point; the soft distention, coupled 
with fever, the temperature rising as high as 102 F., and leukocytosis, 
may suggest appendicitis. The clear fluid obtained by abdominal puncture 
contains no organism and often no white blood cells. The needless 
laparotomy reveals no abdominal pathologic process except for diffuse 
slight injection or pink color of the peritoneum. There are varying 
quantities of serous, sterile fluid. The most common causes are infec- 
tions of the periperitoneal tissue, such as the umbilicus and urachus,** 
and systemic infections, such as rheumatic fever*® and grip. The 
proper therapy is to recognize the innocence of the peritoneal cavity and 
to treat the causative infection. Sometimes laparotomy is unnecessarily 
performed on patients with streptococcemia, who not infrequently have 
a sterile, serous peritoneal transudate. 

Acute exudative tuberculous peritonitis. This type of peritonitis 
in children and adolescents may present a confusing picture. The pre- 
ceding pulmonary manifestations, the protracted course of the disease, 
the low temperature, the milder complaints referable to the abdomen, 
the doughy or nodular feel of the abdomen, the tuberculin reaction, the 
character and bacteriologic picture of the peritoneal fluid and results 
of inoculation into animals are all important in diagnosis. 

Mesenteric lymphadenitis. This condition is most common in persons 
about 13 years of age, when the mesenteric glands are at their maximum 
size.** The pain may be intermittent and of moderate severity. There 
are tenderness and inconstant rigidity over McBurney’s point, and dis- 
tention is often absent. The temperature rarely rises over 101 F., and 
the leukocyte count ranges between 12,000 to 17,000. The patient 
usually does not appear acutely ill, and careful examination may reveal 
the enlarged mesenteric glands through a thin, relaxed abdominal wall. 


SUMMARY 


Metastatic streptococcic peritonitis is a well defined entity which 
merits more serious consideration than has heretofore been accorded. 
Analysis of forty-two cases at the Mount Sinai Hospital leads to the 
belief that the condition can be readily recognized in most instances 
when one is cognizant of the characteristic clinical course and diagnostic 
methods. 

The important features of streptococcic peritonitis are: (a) It is 
seen most frequently in infants; (b) it is usually preceded by pharyn- 


24. Hinrichsen, H. M.: Peritonitis serosa acuta und Urachus-Entziindung, 
Arch. f. klin. Chir. 171:627, 1932. 


25. Wood, F. C., and Eliason, E. L.: Rheumatic Peritonitis, Am. J. M. Sc. 
181:482, 1931. 


26. Mead, C. H.: Mesenteric Lymphadenitis, Arch. Surg. 30:492 (March) 
1935. 


| 
q 
4q 
4 
4 
4 
j 


4 


732 ARCHIVES OF SURGERY 


gitis; (c) the abdominal symptoms, early distention and constant pain 
and tenderness, are generalized and start from two to three days after 
the subsidence of the infection of the respiratory tract; (d) the con- 
dition is definitely diagnosed by abdominal puncture, the gram-positive 
streptococci with pus cells being pathognomic. 

The treatment depends on the severity and stage of the illness, each 
case being a rule unto itself. The mortality, at its lowest, is 80 per 
cent. The frequent severe sepsis interdicts early operation, while the 
peritonitis is generalized. In the interim, supportive treatment is used. 
This consists of continuous intravenous drip of saline solution, repeated 
transfusion of blood and the injection of pooled antistreptococcus 
serums. Laparotomy is valueless and even dangerous when the sepsis 
is severe. However, when the general infection is not marked and 
there is evidence of much peritoneal fluid, improvement is often noted 
when drainage is obtained by the simplest and most rapid means. The 
large walled-off abscesses should be drained. 


1314 Bryant Building, Kansas City, Mo. 


